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(54) Liquid ejecting device and liquid ejecting method 



(57) A liquid ejecting device and method control the 
flying characteristic of liquid while enabling stable ejec- 
tion of the liquid, without shortening the life of bubble 
producing units (heating resistors) (1 3). The liquid eject- 
ing device has heads each Including liquid ejecting por- 
tions arranged in parallel which each include a liquid cell 
(12), bisected heating resistors (13) in the liquid cell (12) 
which produce bubbles in liquid in the liquid cell in re- 



sponse to the supply of energy, and a nozzle (18) for 
ejecting the liquid in the liquid cell (12) by using the bub- 
bles produced by the heating resistors (1 3). The heating 
resistors (13) are supplied with energy, a'nd a difference 
is set between a manner of supplying energy to one 
heating resistor and a nnanner of supplying energy to 
the other heating resistor. Based on the difference, a fly- 
ing characteristic of the liquid ejected from the nozzle 
(1 8) is controlled. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a technology 
for controlling flying characteristics of liquid or a position 
to which liquid is delivered and to liu'iid ejecting device 
and method in which liquid in liquid cell is ejected from 
a nozzle. The present invention specifically relates to, 
in liquid ejecting device including heads each having a 
plurality of liquid ejecting portions arranged in parallel 
and liquid ejecting nnethod using the heads each having 
the ejecting portions arranged In parallel, a technology 
for controlling a direction (a direction in which liquid is 
delivered) in which liquid is ejected from each liquid 
ejecting portion. 

2. Description of the Related Art 

[0002] Inkjet printers have been conventionally 
known as a type of liquid ejecting device including heads 
which each have a plurality of liquid ejecting portions 
arranged in parallel. A thermal method that uses thermal 
energy to eject ink is known as one of ink ejecting meth- 
ods for inkjet printers. 

[0003] In an example of printer-head chip structure 
using the thermal method, ink in an ink cell is heated by 
a heating element disposed in the ink cell to produce 
bubbles In the ink on the heating element, and the en- 
ergy of the production of the bubbles ejects the ink. A 
nozzle is formed in the upper side of the ink cell. When 
the bubbles are produced In the ink in the ink cell, the 
ink is ejected from the ejecting outlet of the nozzle. 
[0004] From the viewpoint of head structure, there are 
two methods, a serial method and a line method. In the 
serial method, an image is printed by moving a printer- 
head chip in the width direction of printing paper. In the 
line method, many printer-chip heads are arranged in 
the width direction of printing paper to form a line head 
for the width of the printing paper. 
[0005] Fig. 18 is a plan view showing a line head 10 
of the related art. Although four printer-head chips 1 (N- 
1 , N, N+1 , and N+2) are shown in Fig. 18, actually, more 
printer-head chips are arranged. 

[0006] In each printer-head chip 1, a plurality of noz- 
zles la having ejecting outlets for ejecting ink are 
formed. The nozzles 1a are arranged in parallel in a giv- 
en direction, and the given direction is identical to the 
width direction of the printing paper. Also, the printer- 
head chips 1 are arranged in the given direction. Adja- 
cent printer-head chips 1 are arranged so that their noz- 
zles 1 a oppose each other, and in a portion in which two 
printer-head chips 1 are adjacent to each other, the pitch 
of the nozzles 1 a is consecutively maintained (see the 
detail of portion A in Fig. 18). 

[0007] The related art shown in Fig. 1 8 has the follow- 



ing problems. 

[0008] When ink is ejected from the printer-head chips 
1 , it is ideal that the ink is ejected perpendicularly to the 
ejection surface of the printer-head chips 1. However, 

5 various factors may cause a case in which an angle at 
which the ink is ejected is not perpendicular. 
[0009] For example, when a nozzle sheet having the 
nozzles 1 a formed thereon is bonded to the upper side 
of ink cells having heating elements, the problem is that 

10 positional shifting occurs between pairs of the ink cells 
and the heating elements, and the nozzles la. When 
the nozzle sheet is bonded so that the center of the noz- 
zles la is positioned in the center of the ink cells and 
the heating elements, the ink Is ejected perpendiculariy 

f5 to the ink ejection surface (the nozzle sheet surface). 
However, if a shift occurs between the Ink cells and the 
heating elements, and the nozzles 1 a, the ink cannot be 
ejected perpendicularly to the ejection surface. 
[0010] Also, a positional shift can occur due to a dif- 

20 ference in thermal expansion factor between the pairs 
of the ink cells and the heating elements, and the nozzle 
sheet. 

[001 1 ] It Is assumed that, when the ink is ejected per- 
pendicularly to the ejection surface, an ink droplet is de- 
25 livered to an ideally exact position. When the angle of 
ejection of the Ink is shifted from perpendicularity by G, 
positional shift AL in delivery of ink droplet is 

AL = H X tane 

with the distance (normally 1 to 2 millimeters in the case 
of the inkjet method) between the ejection surface and 
the surface (a surface on which the ink droplet is deliv- 

35 ered) of printing paper set to H (H is constant). 

[0012] When such a shift in angle of ejection of the ink 
occurs, in the serial method, the shift in angle appears 
as a shift in delivery of ink between two nozzles 1a. In 
the line method, in addition to the shift in delivery of ink, 

^0 the shift in angle appears as a positional shift in delivery 
between two printer-head chips 1 . 
[0013] Figs. 19A and 19B are respectively a section 
view and plan view showing the state of printing per- 
formed by the tine head 10 (In which the printer-head 

45 chips 1 are arranged in parallel in a direction in which 
the nozzles la are arranged) shown in Fig. 18. In Figs. 
19A and 19B, assuming that printing paper P is fixed, 
the line head 1 0 does not move in the width direction of 
the printing paper P, and performs printing while moving 

50 from top to bottom of the plan view in Fig. 1 9B. 

[0014] In the section view in Fig. 1 9A, among the line 
head 10, three printer-head chips 1. that is, the N-th 
printer-head chip 1, the (N+1)-th printer-head chip 1, 
and the (N+2)-th printer-head chip 1 are shown. 

55 [0015] As shown in the section view in Fig. 19A, 'in the 
N-th printer-head chip 1 , Ink is slantingly ejected in the 
left direction as is indicated by the left arrow. In the 
(N+1)-th printer-head chip 1 , ink is slantingly ejected in 
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the right direction as is indicated by the central arrow. 
In the (N+2)-th printer-head chip 1 , ink is perpendicularly 
ejected without a shift in angle of ejection as is indicated 
by the right arrow. 

[0016] Accordingly, intheN-th printer-head chip 1 ,the 
ink is delivered, being off to the left from a reference po- 
sition, and in the (N+1)-th printer-head chip 1 , the ink is 
delivered, being off to the right from the reference posi- 
tion. Thus, between both, the ink in the N-th printer-head 
chip 1 and the ink in the (N+1 )-th printer-head chip 1 are 
delivered to opposite directions. As a result, a region in 
which no ink is delivered is formed between the N-th 
printer-head chip 1 and the (N+1)-th printer-head chip 
1 . In addition, the line head 10 is only moved in the di- 
rection of the arrow in the plan view in Fig. 1 9B without 
being moved in the width direction of the printing paper 
P. This forms a white stripe B between the N-th printer- 
head chip 1 and the (N+1) printer-head chip 1, thus 
causing a problem of deterioration In printing quality. 
[0017] Similarly to the above case, in the (N+1)-th 
printer-head chip 1 , the ink is delivered, being off to the 
right from the reference position. Thus, the (N+1)-th 
printer-head chip 1 and the (N+2)-th printer-head chip 
1 have a common region in which the ink is delivered. 
This causes a discontinuous image and a stripe C which 
has a color thicker than the original color, thus causing 
a problem of deterioration in printing quality. 
[0018] When such a shift in a position to which ink is 
delivered occurs, the degree to which a stripe looks no- 
ticeable depends on an image to be printed. For exam- 
ple, since a document or the like has many blank por- 
tions, a stripe will not look noticeable if it is formed. Con- 
versely, in the case of printing a photograph image in 
almost all the portions of printing paper, if a slight strip 
is formed, it will look noticeable. 

[0019] For the purpose of preventing the formation of 
such a stripe, Japanese Patent Application No. 
2001 -441 57 (hereinafter referred to as "Earlier Applica- 
tion 1") has been filed by the Assignee of the present 
Patent Application. In the invention of Earlier Application 
1 , a plurality of heating elements (heaters) which can 
separately be driven are provided in ink cells, and by 
separately driving the heating elements, a direction in 
which each ink droplet is ejected can be changed. Ac- 
cordingly, it has been thought that the formation of the 
above stripe (the white stripe B or the stripe C) can be 
prevented by the Earlier Application 1 . 
[0020] However, although Earlier Application 1 de- 
flects the ink droplet by separately controlling the heat- 
ing elements, the result of further study by the present 
Inventors has indicated that, when the method of Earlier 
Application 1 is employed, the ejection of the ink droplet 
may become unstable and a printed image having high 
quality cannot stably be obtained. The reason is de- 
scribed below. 

[0021] According to study by the present Inventors, 
as described in PCT/JP/08535 (hereinafter referred to 
as "Eariier Application 2") filed by the Assignee of the 



present Application, normally, the quantity of ejection of 
ink from nozzles does not increase in a monotone in ac- 
cordance with an increase in power applied to heating 
elements, but tends to rapidly increase when the power 
5 exceeds a predetermined value (see Earlier Application 

2, page 28, lines 14 to 17, and Fig. 18). In other words, 
a sufficient quantity of ink droplet cannot be ejected un- 
less power equal to the predetermined value or greater 
is supplied. 

10 [0022] Therefore, in the case of separately driving the 
heating elements, when ink droplets are ejected by per- 
forming only driving of only some heating elements, a 
sufficient amount of heat for ink droplet ejection must be 
generated only by the driving. Accordingly, in the case 

^5 of separately driving the heating elements, when some 
heating elements are used to eject the ink droplets, pow- 
er supplied to the heating elements must be increased. 
This situation causes a disadvantageous situation to 
size reduction in the heating element which is associal- 

20 ed with increased resolution in the 'recent years. 

[0023] In other words, in order to perform stable ejec- 
tion of ink droplets, the amount of generated energy per 
unit area of each heating element must be extremely 
increased than usual. As a result, damage to small- 

25 sized heating elements is enhanced. This shortens the 
life of the heating elements, thus shortening the life of 
the head. 

[0024] The above problems are similarly found in the 
case of using the technologies described in Japanese 

30 Patent No. 2780648 (hereinafter referred to as "Eariier 
Application 3") and Japanese Patent No. 2836749 
(hereinafter referred to as "Earlier Application 4"). 
[0025] Although Earlier Application 3 discloses an in- 
vention for preventing a satellite (scattering of ink), and 

35 Earlier Application 4 discloses an invention for the pur- 
pose of realizing stable control of gradations, both are 
similarto Earlier Application 1 in using a plurality of heat- 
ing elements and separately driving the heating ele- 
ments. 

40 [0026] By driving some heating elements among a 
plurality of heating elements to eject ink droplets, as in 
Earlier Applications 3 and 4, the ink droplets can be 
ejected and deflected as described In Earlier Application 

3, or gradation control can be performed as described 
45 in Eariier Application 4. However, in the case of using 

provided heating elements which are small-sized in as- 
sociation with Increased resolution in the recent years, 
when only some heating elements are driven to eject ink 
droplets, the supply to them of power enabling stable 
50 ejection causes a problem of a decrease in the life of 
the heating elements. 

[0027] In the invention in Earlier Application 4, an in- 
crease in the amount of power to each heating element 
represents an increase in the minimum quantity of ink 
55 droplet. Thus, it is difficult to perform gradation control 
which is the original object of the invention in Eariier Ap- 
plication 4. 

[0028] Conversely, in Earlier Application 4, when the 
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amount of power supplied to each heating element is 
reduced, there is a possibility that the ink droplets can- 
not stably be ejected, as descnbed above. 
[0029] As is understood from the above description, 
in the case of using a head including heating elements 
which are small-sized in association with increased res- 
olution, it is impossible to prevent the formation of the 
above stripes by the related art and the technologies in 
Earlier Applications 1 to 4, 

SUMMARY OF THE INVENTION 

[0030] Accordingly, it is an object of the present inven- 
tion to perfonn stable ejection of liquid without shorten- 
ing the life of means of producing bubbles, such as heat- 
ing elements, and to control the flying characteristic of 
the liquid or a position to which the liquid is delivered. 
Specifically, the object is to control a direction in which 
liquid is ejected, for example, in a liquid ejecting device 
having heads each including a plurality of liquid ejecting 
portions arranged in parallel and a liquid ejecting meth- 
od using heads each including a plurality of liquid eject- 
ing portions arranged in parallel. 

[0031] According to a first aspect of the present inven- 
tion, a liquid ejecting device is provided which includes 
a liquid cell for containing liquid, a plurality of bubble pro- 
ducing units for producing bubbles in the liquid in the 
liquid cell in response to supply of energy, and a nozzle 
for ejecting the liquid in the liquid cell by using the bub- 
bles produced by the bubble producing units. The bub- 
ble producing units are disposed in the liquid cell, and 
all the bubble producing units in the liquid cell are sup- 
plied with energy, and by setting a difference between 
a manner of supplying energy to at least one of the bub- 
ble producing units and a manner of supplying energy 
to another one of the bubble producing units, a flying 
characteristic of the liquid ejectedfrom the nozzle Is con- 
trolled based on the difference. 

[0032] According to a second aspect of the present 
invention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a plurality of 
bubble producing units for producing bubbles in the liq- 
uid in the liquid cell in response to supply of energy, and 
a nozzle for ejecting the liquid in the liquid cell by using 
the bubbles produced by the bubble producing units. 
The bubble producing units are disposed in the liquid 
cell, and all the bubble producing units in the liquid cell 
are supplied with energy, and by performing energy sup- 
ply so that a difference is set between the time required 
for generating a bubble in the liquid by at least one of 
the bubble producing units, and the time required for 
generating a bubble in the liquid by another one of the 
bubble producing units, a flying characteristic of the liq- 
uid ejected from the nozzle is controlled based on the 
difference. 

[0033] According to a third aspect of the present in- 
vention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a bubble pro- 



ducing region which produces a bubble in the liquid in 
the liquid cell in response to supply of energy and which 
forms at least part of one internal wall of the liquid cell, 
and a nozzle for ejecting the liquid in the liquid cell by 
5 the bubble produced by the bubble producing region. 
An energy distribution in the bubble producing region 
which is obtained when the energy is supplied to the 
bubble producing region has a difference, and based on 
the difference, a flying characteristic of the liquid ejected 

10 from the nozzle is controlled. 

[0034] According to a fourth aspect of the present in- 
vention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a plurality of 
bubble producing units for producing bubbles in the liq- 

^5 uld in the liquid cell in response to supply of energy and 
a nozzle for ejecting the liquid in the liquid cell by using 
the bubbles produced by the bubble producing units. 
The bubble producing units are disposed in the liquid 
cell, and the bubble producing units comprises: a main 

20 operation-control unit for ejecting liquid from the nozzle 
by supplying the energy to all the bubble producing 
units; and a sub operation-control unit which supplies 
the energy to all the bubble producing units and which, 
by setting a difference between a manner of supplying 

^5 energy to at least one of the bubble producing units and 
a manner of supplying energy to another one of the bub- 
ble producing units, uses the nozzle to perfonn ejection 
based on the difference of liquid having a flying charac- 
teristic different from that of the liquid ejected by the 

30 main operation-control unit. 

[0035] According to a fifth aspect of the present inven- 
tion, a liquid ejecting device is provided which includes 
a liquid cell for containing liquid, a plurality of bubble pro- 
ducing units for producing bubbles in the liquid in the 

35 liquid cell in response to supply of energy, and a nozzle 
for ejecting the liquid in the liquid cell by using the bub- 
bles produced by the bubble producing units. The bub- 
ble producing units are disposed in the liquid cell, and 
the bubble producing units comprise: a main operation- 

40 control unit for ejecting liquid from the nozzle by supply- 
ing the energy to all the bubble producing units; and a 
sub operation-control unit which supplies the energy to 
all the bubble producing units and which, by setting a 
difference between a manner of supplying energy to at 

45 least one of the bubble producing units and a manner 
of supplying energy by the main operation-control unit, 
uses the nozzle to perform ejection based on the differ- 
ence of liquid having a flying characteristic differentfrom 
that of the liquid ejected by the main operation-control 

50 unit. 

[0036] According to a sixth aspect of the present in- 
vention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a bubble pro- 
ducing region which produces a bubble in the liquid in 
55 the liquid cell in response to supply of energy and which 
forms at least part of one internal wall of the liquid cell, 
a nozzle for ejecting the liquid in the liquid cell by the 
bubble produced by the bubble producing region, a main 
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operation -control unit which ejects liquid fronn the nozzle 
by supplying energy to the bubble producing region, and 
a sub operation-control unit which, by setting a differ- 
ence in an energy distribution in the bubble producing 
region which is obtained when the energy is supplied to s 
the bubble producing region, uses the nozzle to perform 
ejection based on the difference of liquid having a flying 
characteristic different from that of the liquid ejected by 
the main operation -control unit. 

[0037] According to a seventh aspect of the present 
invention, a liquid ejecting method is provided which, by 
using a plurality of bubble producing units in a liquid cell 
to produce bubbles in liquid contained in the liquid cell 
by supplying energy to the bubble producing units, 
ejects the liquid from a nozzle by using the produced 
bubbles. The liquid ejected from the nozzle is controlled 
to have at least two different characteristics by using: a 
main operation-control step In which the liquid is ejected 
from the nozzle by supplying uniform energy to all the 
bubble producing units in the liquid cell; and a sub op- 
eration-control step in which energy is supplied to all the 
bubble producing units in the liquid cell and in which, by 
setting a difference between a manner of supplying en- 
ergy to at least one of the bubble producing units and a 
manner of supplying energyto another one of the bubble 
producing units, the liquid ejected from the nozzle is 
controlled based on the difference to have a flying char- 
acteristic different from that of the liquid ejected in the 
main operation-control step. 

[0038] According to an eighth aspect of the present 
invention, a liquid ejecting method Is provided which, by 
using a plurality of bubble producing units in a liquid cell 
to produce bubbles in liquid contained in the liquid cell 
by supplying energy to the bubble producing units, 
ejects the liquid from a nozzle by using the produced 
bubbles. The liquid ejected from the nozzle is controlled 
to have at least two different characteristics by using: a 
main operation-control step which ejects the liquid from 
the nozzle by supplying energy to all the bubble produc- 
ing units in the liquid cell; and a sub operation-control 
step which supplies the energy to all the bubble produc- 
ing units and which, by setting a difference between a 
manner of supplying energy to at least one of the bubble 
producing units and a manner of supplying energy in the 
main operation-control step, uses the nozzle to perform 
ejection based on the difference of liquid having a flying 
characteristic different from that of the liquid ejected in 
the main op oration -control step. 

[0039] According to a ninth aspect of the present in- 
vention, a liquid ejecting method is provided which, by 
using a bubble producing region forming at least part of 
one internal wall of a liquid cell to produce a bubble in 
liquid contained in the liquid cell, ejects the liquid from 
a nozzle by using the produced bubble. The liquid eject- 
ed from the nozzle is controlled to have at least two flying 
characteristics by using: a main operation-control step 
in which, by supplying energy so that an energy distri- 
bution in the bubble producing region is uniform, liquid 



is ejected from the nozzle; and a sub operation-control 
step in which, by setting a difference In the energy dis- 
tribution in the bubble producing region when energy is 
supplied to the bubble producing region, a flying char- 
acteristic of the liquid ejected from the nozzle is control- 
led based on the difference to differfrom that of the liquid 
ejected in the main operation-control step. 
[0040] According to a tenth aspect of the present in- 
vention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a plurality of 
bubble producing units for producing bubbles in the liq- 
uid in the liquid cell in response to supply of energy, and 
a nozzle for ejecting the liquid in the liquid cell by using 
the bubbles produced by the bubble producing units. 
The bubble producing units are disposed in the liquid 
cell, and all the bubble producing units in the liquid cell 
are supplied with energy, and by setting a difference be- 
tween a manner of supplying energy to at least one of 
the bubble producing units and a manner of supplying 
energy to another one of the bubble producing units, the 
liquid ejected from the nozzle is controlled based on the 
difference to be delivered to at least two different posi- 
tions. 

[0041 ] According to an eleventh aspect of the present 
invention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a plurality of 
bubble producing units for producing bubbles in the liq- 
uid in the liquid cell in response to supply of energy, and 
a nozzle for ejecting the liquid in the liquid cell by using 
the bubbles produced by the bubble producing units. 
The bubble producing units are disposed in the liquid 
cell. All the bubble producing units in the liquid cell are 
supplied with energy, and by performing energy supply 
so that a difference is set between the time required for 
generating a bubble in the liquid by at least one of the 
bubble producing units, and the time required for gen- 
erating a bubble in the liquid by another one of the bub- 
ble producing units, the liquid ejected from the nozzle is 
controlled based on the difference to be delivered to at 
least two different positions. 

[0042] According to a twelfth aspect of the present in- 
vention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a bubble pro- 
ducing region which produces a bubble in the liquid in 
the liquid cell in response to supply of energy and which 
forms at least part of one internal wall of the liquid cell, 
and a nozzle for ejecting the liquid in the liquid cell by 
using the bubble produced by the bubble producing re- 
gion. An energy distribution in the bubble producing re- 
gion which is obtained when the energy is supplied to 
the bubble producing region has a difference, and based 
on the difference, the liquid ejected from the nozzle is 
controlled to be delivered to at least two different posi- 
tions. 

[0043] According to a thirteenth aspect of the present 
invention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a plurality of 
bubble producing units for producing bubbles in the liq- 



15 



20 



25 



30 



35 



40 



45 



50 



BNSDOCID: <EP 1354704A1J_> 



9 EP 1354 704 A1 10 



uid in the liquid cell in response to supply of energy, and 
a nozzle for ejecting the liquid in the liquid cell by using 
the bubbles produced by the bubble producing units. 
The bubble producing units are disposed in the liquid 
cell, and the bubble producing units comprise: a main 
operation-control unit for ejecting liquid from the nozzle 
by supplying energy to all the bubble producing units; 
and a sub operation-control unit which supplies the en- 
ergy to all the bubble producing units and which, hy set- 
ting a difference between a manner of supplying energy 
to at least one of the bubble producing units and a man- 
ner of supplying energy to another one of the bubble 
producing units, perfomns control based on the differ- 
ence of the liquid ejected from the nozzle to be delivered 
to a position different from a position to which the liquid 
ejected by the main operation-control unit is delivered. 
[0044] According to a fourteenth aspect of the present 
invention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a plurality of 
bubble producing units for producing bubbles in the liq- 
uid in the liquid cell in response to supply of energy, and 
a nozzle for ejecting the liquid in the liquid cell by using 
the bubbles produced by the bubble producing units. 
The bubble producing units are disposed in the liquid 
cell, and the bubble producing units comprise: a main 
operation-control unit for ejecting liquid from the nozzle 
by supplying the energy to all the bubble producing 
units; and a sub operation-control unit which supplies 
energy to all the bubble producing units and which, by 
setting a difference between a manner of supplying en- 
ergy to at least one of the bubble producing units and a 
manner of supplying energy by the main operation-con- 
trol unit, controls the liquid ejected from the nozzle to be 
delivered to a position different from a position to which 
liquid ejected by the main operation-control unit is de- 
livered. 

[0045] According to a fifteenth aspect of the present 
invention, a liquid ejecting device is provided which in- 
cludes a liquid cell for containing liquid, a bubble pro- 
ducing region for producing a bubble in the liquid in the 
liquid cell in response to supply of energy, the bubble 
producing region forming at least pari of one internal 
wall of the liquid cell, a nozzle for ejecting the liquid in 
the liquid cell by using the bubble produced by the bub- 
ble producing region, a main operation-control unit 
which ejects liquid from the nozzle by supplying energy 
to the bubble producing region, and a sub operation- 
control unit which, by setting a difference in an energy 
distribution in the bubble producing region which is ob- 
tained when the energy is supplied to the bubble pro- 
ducing region, controls the liquid ejected from the nozzle 
to be delivered to a position different from a position to 
which the liquid ejected by the main operation-control 
unit is delivered. 

[0046] According to a sixteenth aspect of the present 
invention, a liquid ejecting method is provided which, by 
using a plurality of bubble producing units in a liquid ceil 
to produce bubbles in liquid contained in the liquid cell 



by supplying energy to the bubble producing units, 
ejects the liquid from a nozzle by using the produced 
bubbles. The liquid ejected from the nozzle is controlled 
to be delivered to at least two different positions by us- 

5 Ing: a main operation-control step in which the liquid is 
ejected from the nozzle by supplying uniform energy to 
all the bubble producing units in the liquid cell; and a 
sub operation-control step in which all the bubble pro- 
ducing units in the liquid cell are supplied with energy 

10 and in which, by setting a difference between a manner 
of supplying energy to at least one of the bubble pro- 
ducing units and a manner of supplying energy to an- 
other one of the bubble producing units, the liquid eject- 
ed from the nozzle is controlled based on the difference 

15 to be delivered to a position different from a position to 
which the liquid ejected by the main operation-control 
step is delivered. 

[0047] According to a seventeenth aspect of the 
present invention, a liquid ejecting method is provided 

20 which, by using a plurality of bubble producing units in 
a liquid cell to produce bubbles in liquid contained in the 
liquid cell by supplying energy to the bubble producing 
units, ejects the liquid from a nozzle by using the pro- 
duced bubbles. The liquid ejected from the nozzle is 

25 controlled to be delivered to at least two different posi- 
tions by using: a main operation -control step in which 
the liquid is ejected from the nozzle by supplying uniform 
energy to all the bubble producing units in the liquid cell; 
and a sub operation-control step in which all the bubble 

30 producing units in the liquid cell are supplied with energy 
and in which, by setting a difference between a manner 
of supplying energy to at least one of the bubble pro- 
ducing units and a manner of supplying the energy in 
the main operation-control step, the liquid ejected from 

35 the nozzle is controlled based on the difference to be 
delivered to a position different from a position to which 
the liquid ejected in the main operation-control step is 
delivered. 

[0048] According to an eighteenth aspect of the 

"^0 present invention, a liquid ejecting method for ejecting 
liquid in a liquid cell from a nozzle by using a bubble 
produced in the liquid by supplying energy to a bubble 
producing region in the liquid cell is provided. The bub- 
ble producing region fomns at least part of one internal 

^5 wall of the liquid cell. The liquid ejected from the nozzle 
is controlled to be delivered to at least two different po- 
sitions by using: a main operation-control step in which, 
by supplying the energy to the bubble producing region 
so that energy distribution in the bubble producing re- 

50 gion is unifomn, the liquid is ejected from the nozzle; and 
a sub operation-control step in which, by setting an en- 
ergy distribution in the bubble producing which is ob- 
tained when the energy is supplied to the bubble pro- 
ducing region to have a difference, the liquid ejected 

55 from the nozzle is controlled to be delivered to a position 
different from a position to which the liquid ejected in the 
main operation-control step is delivered. 
[0049] According to a nineteenth aspect of the 



6 



BNSDOCID: <EP 1354704A1_L> 



11 



EP 1 354 704 A1 



12 



present invention, a liquid ejecting device having heads 
each including a plurality of liquid ejecting portions ar- 
ranged in parallel in a predetermined direction is provid- 
ed. The liquid ejecting portions each include a liquid cell 
for containing liquid, a plurality of heating elements for 
producing bubbles in response to the supply of energy, 
and a nozzle for ejecting the liquid in the liquid cell by 
using the bubbles produced by the heating elements. 
The heating elements are arranged in the predeter- 
mined direction in the liquid cell. All the heating elements 
in the liquid cell are supplied with energy and by setting 
a difference between a manner of supplying energy to 
at least one of the heating elements and a manner of 
supplying energy to another one of the heating ele- 
ments, a direction in which the liquid is ejected from the 
nozzle is controlled based on the difference. 
[0050] According to a twelfth aspect of the present in- 
vention, a liquid ejecting device having heads each In- 
cluding a plurality of liquid ejecting portions arranged in 
parallel in a predetermined direction is provided. The liq- 
uid ejecting portions each include a liquid cell for con- 
taining liquid, a plurality of heating elements for produc- 
ing bubbles in response to the supply of fenergy, and a 
nozzle for ejecting the liquid in the liquid cell by using 
the bubbles produced by the heating elements. The 
heating elements are arranged in the predetermined di- 
rection in the liquid cell. All the heating elements in the 
liquid cell are supplied with energy, and by performing 
energy supply so that a difference is set between the 
time required for generating a bubble in part of the liquid 
by at least one of the heating elements, and the time 
required for generating a bubble in another part of the 
liquid by another one of the heating elements, a direction 
in which the liquid is ejected from the nozzle is controlled 
based on the difference. 

[0051] According to a twenty-first aspect of the 
present Invention, a liquid ejecting device having heads 
each including a plurality of liquid ejecting portions ar- 
ranged in parallel in a predetermined direction is provid- 
ed. The liquid ejecting portions each include a liquid cell 
for containing liquid, a plurality of heating elements for 
producing bubbles in response to the supply of energy, 
and a nozzle for ejecting the liquid in the liquid cell by 
using the bubbles produced by the heating elements. 
The heating elements are arranged in the predeter- 
mined direction in the liquid cell. For each of the heads, 
energy is supplied to all the heating elements in the liq- 
uid cell, and by setting a difference between a manner 
of supplying energy to at least one of the heating ele- 
ments and a manner of supplying energy to another one 
of the heating elements, a direction in which the liquid 
Is ejected from the nozzle is controlled based on the dif- 
ference. 

[0052] According to a twenty-second aspect of the 
present invention, a liquid ejecting device having heads 
each including a plurality of liquid ejecting portions ar- 
ranged in parallel in a predetermined direction is provid- 
ed. The liquid ejecting portions each include a liquid cell 



for containing liquid, a plurality of heating elements for 
producing bubbles in response to the supply of energy, 
and a nozzle for ejecting the liquid in the liquid celt by 
using the bubbles produced by the heating elements. 

5 The heating elements are arranged in the predeter- 
mined direction in the liquid cell. For each of the heads, 
energy is supplied to all the heating elements in the liq- 
uid cell, and by perfomriing energy supply so that a dif- 
ference is set between the time required for generating 

10 a bubble in part of the liquid by at least one of the heating 
elements, and the time required for generating a bubble 
in another part of the liquid by another one of the heating 
elements, a direction in which the liquid is ejected from 
the nozzle is controlled based on the difference. 

15 [0053] According to a twenty-third aspect of the 
present invention, a liquid ejecting method using heads 
each including a plurality of liquid ejecting portions ar- 
ranged in parallel in a predetermined direction is provid- 
ed. The liquid ejecting portions each include a liquid cell 

20 for containing liquid, a plurality of heating elements for 
producing bubbles in response to the supply of energy, 
the heating elements being arranged in the predeter- 
mined direction in the liquid cell, and a nozzle for eject- 
ing the liquid in the liquid cell by using the bubbles pro- 

25 duced by the heating elements. All the heating elements 
in the liquid cell are supplied with energy, and by setting 
a difference between a manner of supplying energy to 
at least one of the heating elements and a manner of 
supplying energy to another one of the heating ele- 

30 ments, a direction in which the liquid is ejected from the 
nozzle is controlled based on the difference. 
[0054] According to a twenty-fourth aspect of the 
present invention, a liquid ejecting method using heads 
each including a plurality of liquid ejecting portions ar- 

35 ranged in parallel in a predetermined direction is provid- 
ed. The liquid ejecting portions each include a liquid cell 
for containing liquid, a plurality of heating elements for 
producing bubbles in response to the supply of energy, 
the heating elements being arranged in the predeter- 

40 mined direction in the liquid cell, and a nozzle for eject- 
ing the liquid in the liquid cell by using the bubbles pro- 
duced by the heating elements. All the heating elements 
in the liquid cell are supplied with energy, and by per- 
forming energy supply so that a difference is set be- 

45 tween the time required for generating a bubble in part 
of the liquid by at least one of the heating elements, and 
the time required for generating a bubble in another part 
of the liquid by another one of the heating elements, a 
direction in which the liquid is ejected from the nozzle is 

50 controlled based on the difference. 

[0055] According to the present invention, by ejecting 
liquid having a first flying characteristic, and setting a 
difference or time difference in the supply of energy or 
energy distribution, liquid having a second flying char- 

55 acteristic different from the first flying characteristic can 
be ejected. Therefore, liquid ejected from a single noz- 
zle can be controlled to have one of a plurality of flying 
characteristics. 
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[0056] According to the present invention, by deliver- 
ing liquid to a first position, and setting a difference or 
tinne difference in the supply of energy or energy distri- 
bution, liquid ejected from a single nozzle can be deliv- 
ered to one of a plurality of positions. 5 
[0057] According to the present invention, for exam- 
ple, when a plurality of heating resistors in a liquid cell 
have no equal resistances, by setting a difference in 
supplying energy to the heating resistors, the time re- 
quired for, producing a bubble on each heating resistor io 
can be set to be equal. This can eliminate a shift in a 
direction In which liquid is ejected. 
[0058] Accordingly, for example, when there is a shift 
In position of delivered liquid for two adjacent liquid 
ejecting portions, by setting a difference in supplying en- 15 
ergy to the heating resistors for one or both liquid eject- 
ing portions, the times required for producing bubbles 
on the heating resistors can be controlled to differ. This 
can change the direction in which the liquid is ejected 
and can adjust the interval between positions to which 20 
the liquid can be delivered. 

[0059] In addition, by changing the direction in which 
each liquid ejecting portion ejects liquid, for example, 
for each line, or within one line, by appropriately chang- 
ing directions in which some liquid ejecting portions 25 
eject liquid, printed image quality can be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 9 is a schematic circuit diagram showing a 
fourth embodiment in which the difference between 
the bubble producing times of bisected heating re- 
sistors can be set; 

Fig. 10 is an illustration of the values of inputs B1 
and B2 in Fig. 9, and positions of delivered droplets; 
Fig. 1 1 is a plan view showing the specific shape of 
the circuit shown in Fig. 9; 

Fig. 12 is an illustration of a first modification to 

which the present invention is applied; 

Fig. 13 is an illustration of a second modification to 

which the present invention is applied; 

Fig. 14 is an illustration of a third modification to 

which the present invention is applied; 

Fig. 15 is an illustration of a fourth modification to 

which the present invention is applied; 

Fig. 16 is an Illustration of a fifth modification to 

which the present invention Is applied; 

Fig. 17 is an illustration of a sixth modification to 

which the present invention is applied; 

Fig. 18 consists of plan views showing a line head 

of the related art; and 

Figs. 19A and 19B are a sectional view and plan 
view showing the state of an image printed by the 
line head shown m Fig. 18. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0060] 30 

Fig. 1 is an exploded perspective view showing a 
printer-head chip to which a liquid ejecting device 
of the present invention is applied; 
Figs. 2A and 2B are a detailed plan view and side 35 
view showing the arrangement of heating resistors 
In the printer-head chip shown in Fig. 1 ; 
Figs. 3A and SB are graphs showing the relation- 
ship obtained in the case of each separate heating 
resistor 1 3 as in this embodiment between a differ- 40 
ence In bubble producing time of ink and the ejec- 
tion angle of ink droplets; 

Fig. 4 is a side sectional view showing the relation- 
ship between nozzles and printing paper; 
Fig. 5 is a schematic circuit diagram showing a first ^5 
example in which the difference between the bubble 
producing times of bisected heating resistors can 
be set; 

Fig. 6 is a schematic circuit diagram showing a sec- 
ond example in which the difference between the so 
bubble producing times of bisected heating resis- 
tors can be set; 

Fig. 7 is a schematic circuit diagram showing a third 
embodiment in which the difference between the • 
bubble producing times of bisected heating resis- 55 
tors can be set; 

Fig. 8 Is a table showing results obtained in the cir- 
cuit shown in Fig. 7; 



[0061 ] An embodiment of the present invention is de- 
scribed below with reference to the accompanying 
drawings. 

[0062] Fig. 1 is an exploded perspective view showing 
a printer-head chip 11 to which a liquid ejecting device 
of the present invention is applied. In Fig. 1, a nozzle 
sheet 17 is bonded to a barrier layer 16. The nozzle 
sheet 17 is shown, with it separated. 
[0063] The printer-head chip 11 is of a type using the 
above thermal method. In the printer-head chip 11, a 
base member 14 includes a semiconductor substrate 
composed of silicon, etc., and heating resistors 13 
(which con-espond to bubble producing units or heating 
elements in the present invention, and which are used 
to produce bubbles in a liquid when being supplied with 
energy) formed on one surface of the semiconductor 
substrate 15. The heating resistors 13 are electrically 
connected to an external circuit by a conductor portion 
(not shown) formed on the semiconductor substrate 15. 
[0064] The barrier layer 16 is made of a photosensi- 
tive cyclized rubber resist or an exposure-curing dry-film 
resist, and is fonned by stacking the resist on the entirety 
of the surface of the semiconductor substrate 15 on 
which the heating resistors 13 are formed, and using a 
photolithography process to remove unnecessary por- 
tions. 

[0065] The nozzle sheet 1 7 has therein a plurality of 
nozzles 18 having ejecting portions, and is fonned by, 
for example, electrofomiing technology using nickel. 
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The nozzle sheet 1 7 is bonded onto the barrier layer 1 6 
so that the positions of the nozzles 18 can correspond 
to the positions of the heating resistors 13, that is, the 
nozzles 1 8 can oppose the heating resistors 1 3. 
[0066] Ink cells 12 are constituted so as to surround 
the heating resistors 13 by the substrate member 14, 
the barrier layer 1 6, and the nozzle sheet 1 7. Specifical- 
ly, the substrate member 1 4 forms the bottom walls of 
the ink cells 1 2, the barrier layer 1 6 forms the side walls 
of the ink cells 12, and the nozzle sheet 17 forms the 
top walls of the ink cells 1 2. In this structure, the ink cells 

12 have aperture regions in the front right of Fig. 1 . The 
aperture regions are connected to ink-flow paths (not 
shown). 

[0067] The above printer-head chip 11 normally in- 
cludes the heating resistors 1 3 in units of hundreds, and 
the ink cells 12 provided with the heating resistors 13. 
In response to a command from the control unit of the 
printer, each heating resistor 13 is uniquely selected, 
and the ink of the in k cell 1 2 corresponding to the heating 
resistor 13 can be ejected from the nozzle 18 opposing 
the ink cell 12. 

[0068] In other words, in the printer-head chip 1 1 , the 
ink cell 1 2 is filled with ink supplied from an ink container 
(not shown) joined to the head 11 . By allowing a pulse 
current to flow through the heating resistor 1 3 in a short 
time, for example, 1 to 3 microseconds, the heating re- 
sistor 13 is rapidly heated. As a result, a gas-phase ink 
bubble is produced in a portion touching the heating re- 
sistor 1 3, and the expansion of the ink bubble dislodges 
ink of some volume (the ink boils). In this manner, ink of 
a volume equal to that of the dislodged ink in the portion 
touching the nozzle 18 is ejected as ink droplets from 
the nozzle 18, and is delivered onto the printing paper. 
[0069] Figs. 2A and 2B are respectively a detailed 
plan view and side sectional view showing the arrange- 
ment of the heating resistors 13 In the head 11 . In the 
plan view in Fig. 2A, the position of the nozzle 18 is in- 
dicated by the chain lines. 

[0070] As shown in Figs. 2A and 2B, in the head 11 in 
this embodiment, one ink cell 12 includes two separate 
heating resistors 13 arranged in parallel. In other words, 
the ink cell 12 includes bisected heating resistors 13. 
The direction in which the heating resistors 1 3 are ar- 
ranged is a direction (the horizontal direction in Figs. 2A 
and 2B) in which the nozzles 18 are arranged. 
[0071] In such a bisected type in which one heating 
resistor 13 is longitudinally separated, each separated 
heating resistor 1 3 has the same length and a half width. 
Thus, the resistance of the separated heating resistors 

13 is double that of the original heating resistor 13. By 
connecting the separated heating resistors 13 in series, 
the separated heating resistors 1 3 having the double re- 
sistances are connected in series, so that the total re- 
sistance is four times that of the original heating resistor 
13. 

[0072] Here, in order that the ink in the ink cell 1 2 may 
boil, the heating resistors 13 must be heated by supply- 



ing a certain amount of power to them. This is because 
energy generated at the boil is used to eject the ink. 
When the resistance is small, a current to pass must be 
increased. However, by increasing the resistance of the 
5 heating resistors 1 3, the ink can be brought to a boil with 
a small current. 

[0073] This can also reduce the size of a transistor or 
the like for passing the current, thus achieving a reduc- 
tion in occupied space. By reducing the thickness of the 

10 heating resistors 13, the resistance can be increased. 
However, when considering material selected for the 
heating resistors 13 and its strength (durability), there 
is a limitation in reducing the thickness of the heating 
resistors 13. Accordingly, by separating the heating re- 

^5 sistor 13 without reducing its thickness, the resistance 
of the heating resistors 1 3 is increased. 
[0074] When one ink cell 12 Includes the bisected 
heating resistors 13, it is common that the time (bubble 
producing time) required for each heating resistor 13 to 

20 reach a temperature for boiling the ink is set to be equal. 
[0075] The bisected resistors 13 are physically not 
identical in shape. Due to an error in production, it is 
common that a dimension such as thickness changes. 
This causes a difference in bubble producing time. The 

25 creation of the difference in bubble producing time may 
cause a case in which the ink on one heating resistor 
13 and the ink on the other heating resistor 13 do not 
boil. 

[0076] When the difference in bubble producing time 
30 is created, the angle of ejection of ink is not perpendic- 
ular, and a position to which ink is delivered is off the 
correct position. 

[0077] Figs. 3A and 3B are graphs showing relation- 
ships obtained in the case of each separate heating re- 

35 sistor 13 as in this embodiment between a difference in 
bubble producing time of ink and the ejection angle of 
ink droplet. The values shown In the graphs are compu- 
ter-simulated results. In each graph, the X-direction in- 
dicates a direction (the direction of the heating resistors 

40 13 arranged in parallel) in which the nozzles 18 are ar- 
ranged. The Y-direction indicates a direction perpendic- 
ular to the X-direction, which is a direction in which the 
printing paper is carried. 

[0078] Regarding the data in both graphs, the hori- 
45 zontal axis indicates difference in bubble producing 
time. In Figs. 3A and 3B, a time difference of 0.04 mi- 
croseconds corresponds to a variation of a 3-percent re- 
sistance difference, and a time difference of 0.08 sec- 
onds corresponds to a variation of approximately a 
50 6-percent resistance difference. 

[0079] As described above, when difference in bubble 
producing time is created, the angle of ejection of ink is 
not perpendicular. Thus, the position to which ink is de- 
livered is off the con-ect position. 
55 [0080] Accordingly, in this embodiment, by using the 
above characteristic, the bubble producing times of the 
heating resistors 13 are controlled. 
[0081] In the present invention, means of ejecting an 
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ink droplet from the nozzle 1 8 by supplying (uniform) en- 
ergy to all of heating resistors 13 in one ink cell 12 is 
referred to as a "main operation controller". In other 
words, control for ejecting an ink droplet from the nozzle 
1 8 is referred to as the "main operation controller". The 
control is performed such that, as in this embodiment, 
when one ink cell 1 2 Includes bisected heating resistors 
1 3, the simultaneous supply of equal amounts of energy 
(power) brings ink on the heating resistors 13 to a boil 
so that the time required for each heating resistor 13 to 
have a temperature for bringing the ink to a boil can be 
theoretically equal, in other words, an angle at which the 
ink is ejected can be perpiendicular to a surface onto 
which the ink is delivered. 

[0082] Unlike this, means in which, by supplying en- 
ergy to the heating resistors 13 so that a difference Is 
set between the time required for at least one of the 
heating resistors 13 to produce a bubble and the time 
required for at least one other one of the heating resis- 
tors 1 3 to produce a bubble, thereby setting a difference 
between a manner of supplying energy to the at least 
one heating resistor 13 and a manner of supplying en- 
ergy to the at least one other one heating fesistor 13, or 
by controlling the manner of supplying the at least one 
heating resistor 13 to differ from that by the main oper- 
ation controller, the use of the difference ejects, from the 
nozzle 1 8, an ink droplet having a flying characteristic 
(such as a flying direction, a flying-path, or rotation mo- 
ment of a flying ink droplet) different from that of an ink 
droplet ejected by the main operation controller, in other 
words, means for controlling the ink droplet ejected from 
the nozzle 18 to be delivered to a position to which an 
ink droplet ejected by the main operation controller is 
delivered is referred to as a "sub operation controller". 
However, the sub operation controller is identical to the 
main operation controller in supplying energy to all the 
heating resistors 13 in the ink cell 12. 
[0083] Accordingly, for example, when the resistanc- 
es of the bisected heating resistors 13 have an error and 
differ, the heating resistors 13 have a difference in bub- 
ble producing time. Thus, the use of only the main op- 
eration controller shifts the angle at which the Ink is 
ejected from perpendicularity, so that the position to 
which the ink droplet Is delivered is off from the con-ect 
position. However, by using the sub operation controller 
to control each heating resistor 1 3 to have an equal bub- 
ble producing time, the angle at which the ink is ejected 
can be set at perpendicularity. 

[0084] Next, setting of the adjustment of the angle of 
ejection of ink is described below with reference to Fig. 
4. Fig. 4 is a side sectional view showing the relationship 
between the nozzles 18 and printing paper P. 
[0085] Although the distance H between the tips of the 
nozzles 18 and the printing paper P is approximately 1 
to 2 millimeters in the case of an ordinary Inkjet printer, 
it is here assumed that the distance H is maintained at 
a constant value, namely, approximately 2 millimeters. 
The reason the distance H must be maintained at ap- 



proximately the constant value is because a change in 
the distance H changes the position to which the ink 
droplet is delivered, In other words, when an ink droplet 
is ejected perpendicularly to the surface of the printing 

5 paper P, the position to which the ink droplet is delivered 
does not change, even if the distance H changes to 
some degree. Conversely when the ink droplet is eject- 
ed and deflected, with its flying characteristic changed, 
- the position to which the Ink droplet Is delivered changes 

10 In accordance with the change in the distance H. 

[0086] When the resolution of the printer-head chip 11 
Is 600 dpi, the interval (dot interval) between positions 
to which each ink droplet i Is delivered is 

15 

25 AO X 1000/600 = 42.3 (|im) 

[0087] In addition, assuming that 75% of the above 
value, that is, 30 ^im is the maximum movable amount, 
20 a deflection angle 8 (deg) is 

tan2e = 30/2000 - 0.015 

25 Thus, G - 0.43 (deg) 

[0088] The reason the maximum movable amount of 
dot is 75% Is as follows: For example, when two bits are 
used for control signals, the number of control signals 
for moving a dot Is four In order to establish continuity 

30 to dots formed by adjacent nozzles 18 in the above 
range, it is reasonable that the distance among the four 
dots Is set to 3/4 (= 75%) of one dot pitch (42.3 ^.m). In 
this embodiment, the maximum movable amount is set 
at 75% of one dot pitch. 

35 [0089] The results shown in Figs. 3A and 3B indicate 
that, to obtain a deflection angle of 0.43 degrees, a bub- 
ble producing time difference of approximately 0.09 jxm 
is needed. This corresponds to a resistance difference 
of approximately 6.75%. The above distance H is pref- 

40 erably set to the range of 0.5 millimeters to 5 millimeters, 
and is more preferably set to approximately a constant 
value in the range of 1 millimeters to 3 millimeters. 
[0090] A value less than 0.5 millimeters as the dis- 
tance H causes a small maximum movable amount of 

45 dot by deflective ejection of an ink droplet, so that a suf- 
ficient merit of the deflective ejection cannot be ob- 
tained. Conversely, in the case of a value greater than 
5 millimeters as the distance H, the precision of a posi- 
tion to which the ink droplet is delivered tends to de- 

50 crease (because it is presumed that an effect of air re- 
sistance to the ink droplet increases while the ink droplet 
is being delivered). 

[0091] Next, an example of a case in which the direc- 
tion of ejection of ink is changed is more specifically de- 
55 scribed below. 

[0092] Fig. 5 is a schematic circuit diagram showing 
a first examp je in which the difference in bubble produc- 
ing time of the heating resistors 13 can be set. In the 
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first example, the printer-head chip 11 is controlled so 
that energies of different amounts can simultaneously 
be supplied. In other words, by simultaneously supply- 
ing the two heating resistors 1 3 with energies of different 
amounts, It is ensured that, for stable ejection of Ink 
droplets, sufficient amounts of energies are supplied to 
the two heating resistors 13. Thus, stable ejection of ink 
droplets can be achieved while controlling the direction 
of ejection of the ink droplets. 

[0093] Since the amount of energy supply to each 
heating resistor 13 only needs about half the amount of 
energy for stable ejection, problems as described in the 
related art and Earlier Applications 1 , 3, and 4 do not 
occur. This Is caused by a feature of the present inven- 
tion in that the heating distributions of heating regions 
(regions on the two heating resistors 13) are changed 
while maintaining the total energy amount supplied to 
each heating resistor 13, without separately driving the 
plurality of healing resistors 13. 

[0094] In Fig. 5, resistors Rh-A and Rh-B are the bi- 
sected heating resistors 13, respectively. The circuit is 
formed so that a current can flow into or from a path 
(midpoint) for connecting the resistors Rh-A and Rh-B. 
A resistor Rx Is used to deflect an ejected Ink droplet. 
The resistor Rx and a switch Swb function to control the 
amount of heat by the resistors Rh-A and Rh-B. A power 
supply VH is used to allow a current to flow In the resis- 
tors Rh-A, Rh-B, and Rx. 

[0095] In Fig. 5, assuming that the circuit Include no 
resistor Rx, orthe switch Swb is not connected to either 
contact, when the switch Swa is turned on, a cun-ent 
flows from the power supply VH to the resistors Rh-A 
and Rh-B. No current flows in the resistor Rx. When the 
resistances of the resistors Rh-A and Rh-B are equal to 
each other, the amounts of heat generated In the resis- 
tors Rh-A and Rh-B are equal. 

[0096] Conversely, when the switch Swa Is tumed on 
by connecting the switch Swb to either contact, the cur- 
rents flowing in the resistors Rh-A and Rh-B have dif- 
ferent values. Thus, the amounts of heat generated in 
both are different. For example, in Fig. 5, when the 
switch Swb Is connected to the upper contact, currents 
flow In portions in which the Rh-A and Rx are connected 
to each other in parallel, and meet to form a combined 
current. The combined current flows in the resistor Rh- 
B. Thus, the current flowing in the resistor Rh-A is less 
than that flowing In the Rh-B. This can lower the amount 
of heat generated in the resistor Rh-A than that gener- 
ated in the resistor Rh-B. 

[0097] Here, in accordance with the resistance of the 
resistor Rx. the ratio between the amount of heat gen- 
erated in the resistor Rh-A and the amount of heat gen- 
erated In the resistor Rh-B can be set freely. This can 
set a difference In bubble producing time between the 
resistors Rh-A and Rh-B. Thus, in response thereto, the 
direction of ejection of ink droplet can be changed. 
[0098] Similarly to the above case, when the switch 
Swb Is connected to the lower contact, the reverse re- 



lationship holds, thus enabling the current flowing in the 
resistor Rh-A to be greater than that flowing In the re- 
sistor Rh-B. 

[0099] In order to set a difference of 6.75%. the rela- 
5 tionship between Rh (= Rh-A= Rh-B) and Rx is 

(Rh X Rx)/(Rh X (Rh 4- Rx)) = 
Rx/(Rh + R) = 
1 - 0.0675 = 
0.9325 

15 

Hence, Rx « 13.8 x Rh 

[0100] Therefore, in a circuit equivalent to the circuit 
in Fig. 5, when the bisected heating resistors 1 3 are con- 
nected to each other, the switching of the switch Swb 

20 can change the currents flowing in the bisected heating 
resistors 1 3. This can set a difference in bubble produc- 
ing time between the resistors Rh-A and Rh-B, so that 
the direction of ejection of ink droplet can be changed. 
[0101] Fig. 6 Is a schematic circuit diagram showing 

25 a second example in which the difference in bubble pro- 
ducing time between the bisected heating resistors 13 
can be set. In the second example, the circuit is control- 
led so that energies of equal or simitar amounts can be 
supplied to the bisected heating resistors 13 at different 

30 times. 

[0102] Also, by using this technique, the total amount 
of energy supplied to the heating resistors 13 when an 
ink droplet is ejected can be maintained to an amount 
at which the Ink droplet can stably be ejected. Thus, sta- 

35 ble ejection of the ink droplet can be performed, and by 
setting a difference in supply of energy to each. heating 
resistor 13, a feature of the present invention can be 
obtained In that the heating distributions of heating re- 
gions are changed while maintaining the total energy 

40 amount supplied to each heating resistor 13. 

[0103] In Fig. 6, the resistors Rh-A and Rh-B are the 
bisected heating resistors 13, respectively. When only 
a switch Swa Is turned on, a current can flow only in the 
resistor Rh-A. When only a switch Swb Is turned on, a 

45 current can flow only in the resistor Rh-B. 

[0104] in this circuit structure, by turning on the 
switches Swa and Swb at different times, a difference 
can be set between a time In which an ink droplet on the 
resistor Rh-A comes to a boll and a time in which an Ink 

50 droplet on the resistor Rh-B comes to a boil. 

[0105] Fig. 7 is a schematic circuit diagram showing 
a third example In which the difference In bubble pro- 
ducing time between the bisected heating resistors 1 3 
can be set. In the third example, the difference In current 

55 between resistors Rh-A and Rh-B can be set to four 
types, whereby four directions in which an ink droplet' 
can be ejected can be set. 

[0106] In Fig. 7, the resistors Rh-A and Rh-B are the 
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bisected heating resistors 13, respectively. In this exam- 
ple, their resistances are equal to each other. The circuit 
is formed so that a current can flow into or from a path 
(midpoint) for connecting the resistors Rh-A and Rh-B. 
Three resistors Rd are used to change a direction in 
which an ink droplet can be ejected. A transistor Q func- 
tions as a switch for the resistors Rh-A and Rh-B. The 
circuit includes an input portion C from which a binary 
control input signal ("1" only when a current may flow) 
is input. The circuit includes binary-input C-MOS/NAND 
gates LI and L2, and input portions B1 and B2 from 
which binary signals ("0" or "1") for the NAND gates L1 
and L2 are input. The NAND gates LI and L2 are sup- 
plied with power from a power supply VH. The three re- 
sistors Rd, the transistor Q, the input portion C, and B1 
and B2, and the NAND gates LI and L2 function to con- 
trol the amounts of energies generated in the resistors 
Rh-A and Rh-B. 

[0107] Here, between the resistor Rx shown in Fig. 5 
and the resistor Rd shown in Fig. 7, the following rela- 
tionship holds: 

Rx = 2Rd/3 

[0108] Therefore, when Rd = 1 .5 x 1 3.8 x Rh = 20 x 
Rh, a difference of 6.75% can be set. 
[0109] At first, in Fig. 7, when 1s are input to the input 
portions 81 and B2, and "1" is input to the input portion 
C, inputs to the NAND gates LI and L2 are 1s, so that 
the outputs of the NAND gates LI and L2 are Os. Thus, 
no current flows in the resistor Rd, and a current caused 
by a power supply VH flows only in the resistors Rh-A 
and Rh-B. Since the resistors Rh-A and Rh-B have 
equal resistances, the currents flowing in the resistors 
Rh-A and Rh-B are equal to each other. 
[01 1 0] Next, when "0" is input to the input portion B1 , 
"1 " is input to the input portion B2, and "1 " is input to the 
input portion C, the outputs of the NAND gates L1 and 
L2 are "1" and "0", respectively. Thus, a current flows in 
the NAND gate L1 , while no current flows in the NAND 
gate L2. In this case, the current flowing in the resistor 
Rh-B is 2Rd/(Rh + 2Rd) when the current flowing in the 
resistor Rh-A Is set to 1 . Here, when Rd=:: 20.7Rh, 0.977 
(approximately 2.3% decrease) can be obtained. 
[0111] Also, when "1" is input to the input portion B1, 
"0" is input to the input portion 82, and "1 " is Input to the 
input portion C, the outputs of the NAND gates LI and 
L2 are "0" and "1", respectively. Thus, no current flows 
in the NAND gate LI , while a current flows only in the 
NAND gate L2. In this case, the current flowing in the 
resistor Rh-B is Rd/(Rh + Rd) when the current flowing 
in the resistor Rh-A is set to 1 . When Rd « 20.7Rh, 0.954 
(approximately 4.6% decrease) can be obtained. 
[01 1 2] When Os are input to the input portions B1 and 
82, and "1 " is input to the input portion C, both the out- 
puts of the NAND gates L1 and L2 are 1 s. Thus, currents 
flow in both C-MOS/N AND gates L1 and L2. In this case, 



the current flowing in the resistor Rh-B is 2Rd/(3Rh + 
2Rd) when the current flowing in the Rh-A Is set to 1 . 
When Rd « 20.7Rh, 0.933 (approximately 6.7% de- 
crease) can be obtained. 

5 [01 1 3] The circuit is formed so that the current flowing 
from the resistor Rd to the NAND gate LI , and the cur- 
rent flowing from the resistor Rd to the NAND gate L2 
can flow into the ground of a power-circuit for driving the 
C-MOS/NAND gates LI and L2, which is not shown in 

10 Fig. 7. 

[0114] Fig. 8 is a table showing the above results. As 
shown in Fig. 8, in response to the inputs to the input 
portions 81 and 82, the current flowing in the resistor 
Rh-B with respect to the current flowing in the resistor 

f5 Rh-A can be changed. 

[01 15] In the circuit in Fig. 7, in a case in which a po- 
sition obtained by inputting Is to the input portions 81 
and 82 is used as a reference position of dot, when "0" 
is input to the input portion 81 and "1" is input to the 

20 Input portion B2, a deflection amount corresponding to 
25% of one dot pitch can be obtained. When "1 " is input 
to the input portion 81 and "0" Is input to the input portion 
B2, a deflection amount corresponding to 50% of one 
dot pitch can be obtained. When Os are input to the input 

^5 portions B1 and 82, a deflection amount corresponding 
to 75% of one dot pitch can be obtained. 
[0116] Fig. 9 is a schematic circuit diagram showing 
a fourth example in which the difference in bubble pro- 
ducing time between the bisected heating resistors 13 

30 can be set. Fig. 9 also shows a modification of the circuit 
shown in Fig. 7. 

[0117] In the circuit in Fig. 7. since the voltage of the 
power supply VH is applied to the C-MOS/NAND gates 
LI and L2, (high withstand voltage) PMOS transistors 
35 that are usable even at the voltage of the power supply 
VH must be used as the C-MOS/NAND gates L1 and 
L2, thus limiting the degree of freedom in selection of 
transistors in design. Accordingly, as shown in Fig. 9, 
transistors Q2 and Q3 of a type similar to that of a fran- 
co sistor Q1 are provided and each transistor can be driven 
at a low voltage. This can lower driving voltages for 
gates L1 and L2 (AND gates in Fig. 9). Three transistors 
Rd, the transistors Q1, Q2, and Q3, input portions C, 
81 , and 82, and the AND gates L1 and L2 function to 
^5 control the amounts of heat generated in the resistors 
Rh-A and Rh-B. 

[0118] Also, although the resistors Rh-A and Rh-B in 
the circuit in Fig. 7 are set to have equal resistances, in 
the circuit in Fig. 9, the resistance of the resistor Rh-A 

50 is set to be smaller than that of the Rh-8. 

[0119] In this condition, when the transistors Q2 and 
Q3 are not in operation (a state in which no currents flow 
in the three resistors Rd), and currents flow in the resis- 
tors Rh-A and Rh-B, respectively, the currents flowing 

55 in the resistors Rh-A and Rh-B have equal values. Thus, 
the resistor Rh-A generates the amount of heat less than 
that by the resistor Rh-B because the resistor Rh-A has 
a resistance less than that of the resistor Rh-B. In this 
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case, setting is established so that an ejected ink droplet 
can be delivered to a position which is away half of the 
maximum movable amount of ink droplet from a refer- 
ence position of delivery. 

[01 20] Fig. 1 0 is an Illustration of the values of inputs 
B1 and B2 and positions to which ink droplets are deliv- 
ered. As shown in Fig. 10, in this embodiment, the po- 
sition to which the ink droplet is delivered can be 
changed to four. When Os are input to the input portions 
B1 and 82, the ink droplet can be delivered on the leftest 
in Fig. 10 (default). 

[0121] When "1" is input to the input portion 81 and 
"0" is input to the Input portion B2, currents also flow in 
the two resistors Rd connected In series to the transistor 
Q3 (no current flows in the resistor Rd connected to the 
transistor Q2). As a result, the current flowing in the re- 
sistor Rh-B is smaller than that obtained when Os are 
input to the input portions 81 and B2. However, also in 
this case, the current flowing in the resistor Rh-A is 
smaller than that flowing in the resistor Rh-B. 
[0122] Next, when "0" is input to the input portion B1 
and "1" is input to the input portion B2, a current flows 
in the resistor Rd connected to the transistor Q2 (no cur- 
rent flows in the two resistors Rd connected in series to 
the transistor Q3). As a result, the current flowing in the 
resistor Rh-B is further smaller than that obtained when 
"1" is input to the input portion B1 and "0" is input to the 
input portion 82. In this case, the current flowing in the 
resistor Rh-B is smaller than that flowing in the resistor 
Rh-A. 

[01 23] When 1 s are input to the input portions 81 and 
82, currents flow in the three transistors Rd connected 
to the transistors Q2 and Q3. As a result, the cun^ent 
flowing in the resistor Rh-B Is further smaller than that 
obtained when "0" is input to the input portion B1 and 
"1" is input to the input portion B2. 
[0124] By using the above technique, two positions, 
namely, right and left positions to which an Ink droplet 
can be delivered are set with respect to the correct po- 
sition to which the ink droplet can be delivered. In re- 
sponse to the values of inputs to the input portions 81 
and 82, an arbitrary position can be set as the position 
to which the Ink droplet is delivered. 
[0125] In the circuit shown in Fig. 7, a maximum of 
75% of one dot pitch can be moved with respect to a 
position to which an ink droplet is delivered which is 
used as a reference. However, in this case, as described 
above, an angle at which the ink droplet is ejected has 
a deflection angle of 0.86 degrees with respect to the 
vertical line. 

[0126] In the example in Fig. 9, the inputs to the input 
portions B are represented by two bits, that Is, "0" and 
"0", "0" and "1", "1" and "0", and "1" and "1". When the 
position to which the ink droplet can be delivered is 
moved based on the 2-bit value, one dot pitch must be 
divided into three. In other words, four positions are 
formed as the position to which the Ink droplet can be 
delivered. 



[01 27] In the circuit shown in Fig. 9 (also as in the ex- 
ample in Fig. 7), when the inputs to the input portions 
81 and 82 are changed from Os to Is, the angle at the 
Ink droplet Is ejected only needs to change by 0.86 de- 
5 grees. Since a value corresponding to the difference in 
resistance at this time is 6.75%, as described above, a 
resistor may be used in which the relationship holds: 

Resistance of Rh-B = Resistance of Rh-A x 1 .0675 

[0128] Fig. 11 is a plan view showing resistors Rh-A 
and Rh-B that satisfy the above relationship. In the ex- 
ample in Fig. 11, the resistors Rh-A and Rh-B have 

15 equal widths (10 ^im). The resistor Rh-A has a longitu- 
dinal length (the vertical length in Fig. 11) of 20 ^.m, and 
the resistor Rh-B has a longitudinal length of 21 .4 fxm. 
[01 29] In Fig. 1 1 , a portion (1 ) is connected to the pow- 
er supply VH in Fig. 9, a portion (2) is connected to the 

20 drain of the transistor Q1 in Fig. 9, and a portion (3) is 
connected to the drains of both transistors Q2 and Q3 
in Fig. 9. These connections are not shown in Fig. 11 . 
[0130] In the example in Fig. 11, the area ratio be- 
tween the resistors Rh-A and Rh-B is 

25 

21 .4/40 = approximately 1 .0675 

[0131] Next, In this embodiment, the case of correct- 
so ing a shift in the position to which the ink droplet Is de- 
livered is described below. 

[0132] Fig. 12 is an illustration of a first modification 
in which this embodiment is used, and shows positions 
by the head chip 11 in which ink droplets are delivered. 

35 In Fig. 12, the horizontal direction is the direction in 
which the nozzles 18 are arranged, and the vertical di- 
rection is the direction in which the printing paper is fed. 
Also, the left side shows a state obtained before chang- 
ing the positions to which the ink droplets are delivered, 

40 and the right side shows a state obtained after changing 
the positions to which the ink droplets are delivered. 
[0133] In Fig. 12, a column of the positions to which 
the ink droplets are delivered can be horizontally moved 
to four positions ((1) to (4) in Fig. 12). The position by 

45 default to which each ink droplet is delivered is set in 
position (3) among positions (1) to (4). Similarly to the 
above case, in one position, the position which each ink 
droplet is delivered can be moved by only 25% of one 
dot pitch. 

50 [0134] On the leftside in Fig. 12, in all the first to four 
columns from the left, the ink droplets are delivered by 
the above-described main operation controller. In this 
case, the third column from the left of the positions to 
which the ink droplets are delivered Is off to the right. 

55 Accordingly, a white stripe is formed between the sec- 
ond column and the third column and printing quality de- 
teriorates. 

[0135] In such a case, by leaving the first, second, and 
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fourth columns of the default positions unchanged, and 
only moving the third column to the left, the white stripe 
between the second column and the third column can 
be reduced. In Fig. 12, by moving only the third column 
from position (3) to (2), that is, to the left by 25% of one 
dot pitch, the third column can be positioned near the 
center between the second column and the fourth col- 
umn. 

[01 36] The right side in Fig. 1 2 shows a state in which, 
by shifting the third column from position (3) to (2), the 
third column is moved by 25%. In this manner, the ink 
droplets in the third column can be brought close to the 
center between the second column and the fourth col- 
umn. This can make the white stripe unclear. 
[0137] On the right side in Fig. 12, the first, second, 
and fourth columns from the left are formed by delivering 
ink droplets from the main operation controller. Howev- 
er, the third column from the left is formed such that, by 
using the sub operation controller to eject ink droplets 
having flying characteristics different from those of ink 
droplets by the main operation controller, a direction in 
which the ink droplets are delivered is changed, where- 
by positions to which the ink droplets are delivered are 
changed from the positions ((3) in Fig. 12) by the main 
operation controller to the more leftside ((2) in Fig. 12). 
[0138] When dots are fonned appearing as overlap- 
ping stripes due to a narrow interval between two col- 
umns of positions to which ink droplets are delivered, 
conversely to the above case, the columns of positions 
may be moved so that the interval is widened. 
[0139] When this technique is performed, in the print- 
er Itself or in the printer-head chip 1 1 , for the ink cell 1 2 
correspondlngto each nozzle 18, by storing data for cor- 
recting a shift In a position to which an ink droplet is de- 
livered, for example, data on inputs to the input portions 
B1 and B2 in the above example, the supply of energy 
to each heating resistor 13 in each ink cell 12 may be 
controlled in accordance with the stored data. 
[0140] Also, when the circuit shown in Fig. 6 is em- 
ployed, for each nozzle 18, by setting and storing data 
on a difference between the time required for the ink 
droplet on one heating resistor 13 to boll and the time 
required for the ink droplet on the other heating resistor 
13 to boil, the supply of energy to each heating resistor 
13 in each ink cell 12 may b.e controlled in accordance 
with the stored data. 

[0141] In this manner, when some nozzles 18 in the 
printer-head chip 11 cause a shift in positions to which 
ink droplets are delivered, or some of the printer-head 
chips 11 in the line head cause a shift in positions to 
which ink droplets are delivered, the shift in the positions 
can be corrected. 

[0142] Also, when two adjacent printer-head chips 1 
in the line head, as shown in Figs. 19A and 19B, have 
therebetween a shift in positions to which ink droplets 
are delivered, the shift in the positions can be corrected. 
[0143] Figs. 1 9A and 1 9B are used for description. In 
this case, regarding the N-th printer-head chip 1 , a di- 



rection in which ink droplets are delivered from all the 
nozzles 1 8 may be changed to the right by a predeter- 
mined amount, and regarding the (N+1)-th printer-head 
chip 1 , a direction in which ink droplets from all the noz- 
5 zles 1 8 are delivered may be changed to the left by a 
predetermined amount. 

Definitely, a direction in which ink droplets from some of 
the nozzles 18 are delivered may be changed. 
[0144] Next, a case in which printing quality is in- 
to creased by using this embodiment is described below. 
[0145] In the case of the line head, the positions of 
the nozzles 18 of each printer-head chip 11 are fixed 
beforehand. Thus, positions to which ink droplets are 
delivered are determined beforehand. For example, for 
a resolution of 600 dpi, the interval between the nozzles 
18 is 42.3 micrometers. 

[0146] Conversely, in the case of the serial head, by 
moving the head a plural number of times In one line in 
order to perfonn printing, the resolution can be relatively 

easily changed. 

[0147] For example, in the case of providing a serial 
head of 600 dpi (the interval between the nozzles 1 8 is 
42.3 micrometers), by printing a line and subsequently 
reprinting an identical line, and controlling the dots of 

25 the re-printed line to be disposed in the intermediate po- 
sitions of the dots of the first printed line, an image hav- 
ing a resolution of 1200 dpi can be printed. 
[01 48] The above technique cannot be used in the line 
head because It Is not moved in the width direction of 

30 the printing paper 

[0149] However, by applying this embodiment, the 
resolution can substantially be increased, thus Increas- 
ing printing quality. 

[0150] Fig. 13 is an illustration of a second modifica- 
35 tion in which this embodiment is used. The second mod- 
ification is an example of a dot arrangement based on 
dot interieaving in which the dot pitch in each line Is set 
to be constant, and in the next line its dots are arranged 
in the intennediate positions of the first line. In Fig. 13, 
40 each position to which an ink droplet is delivered can be 
changed to four points (1) to (4), and point (4) is set by 
default. 

[0151] In Fig. 13, the first N line, ink droplets are de- 
livered to the default position (4). 

45 [0152] In the next N+1 line, by changing, from posi- 
tions (4) to (2), all positions to which ink droplets are 
delivered are changed, the ink droplets are delivered to 
positions moved to the left by 50% of one dot pitch. In 
the N-t-2 line, ink droplets are delivered to positions iden- 

50 tical to those for the N line. In other words, in N, N+2, 
N+4,... lines (even-numbered lines), ink droplets are 
ejected by the main operation controller and are deliv- 
ered to (4). In N+1, N+3, N+S,... lines (odd-numbered 
lines), ink droplets are ejected and deflected by the sub 

55 operation controller and are delivered to position (2). 
[0153] In this manner, in N, N+2, N+4,... lines (even- * 
numbered lines), the ink droplets are delivered based 
on (4), and In N+1, N+3, N+5,... lines (odd-numbered 
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lines), ink droplets are delivered based on position (2). 
[0154] Thus, in two adjacent lines, two groups of po- 
sitions to which ink droplets are delivered are alternately 
shifted from each other by 50% of one dot pitch. By per- 
fornning this type of printing, a substantial resolution can 
be increased. 

[0155] Instead of moving, in all the lines, positions to 
which ink droplets are delivered, the positions may be 
moved in each set of several lines. Also, the amount of 
movement from a default dot position is not particularly 

limited. 

[0156] When the above control is performed, for each 
line, by storing data on differences in supplying energy 
to each heating resistor 13, the supply of energy to the 
heating resistor 1 3 may be controlled in accordance with 
the stored data. 

[0157] Fig. 14 is an illustration of a third modification 
in which this embodiment is used and in which a tech- 
nique similar to dithering is used. 

[0158] Dithering means that, in order to weaken un- 
naturalness generated when the spatial resolution of 
pixels in a sampled image Is insufficient, when the orig- 
inal image is quantized, the quantization is performed, 
with slight noise and highfrequency signal superim- 
posed in an input signal beforehand. 
[01 59] What is shown by Fig. 1 4 differs from dithering 
in a narrow sense, but has an effect similar to dithering. 
In Fig. 14, default positions to which ink droplets are de- 
livered are set in (4). In Fig. 14, it is assumed that dot 
size is sufficiently small. 

[0160] In the case in Fig. 14, binary-bit values are out- 
put by a pseudorandom function generator and are add- 
ed to input signals to the input portions B1 and 82. This 
can appropriately change a position to which an ink 
droplet is delivered. 

[0161] For example, in the N line, the first and fourth 
ink droplets from the left are delivered to default position 
(4) by the main operation controller, and each of the sec- 
ond and third ink droplets from the left is delivered to 
position (3) which is moved to the left by 25% of one dot 
from the default position. 

[0162] The above technique can also increase print- 
ing quality. 

[0163] Fig. 15 consists Of illustrations Of a fourth mod- 
ification in which this embodiment is used and shows a 
dot averaging process. 

[0164] In Fig. 15, the upper illustration shows a state 
in which ink droplets are ejected without being deflected. 
The ink droplets are delivered by the main operation 
controller. 

[0165] In the upper illustration in Fig. 15, the fourth 
and eighth columns of dots (whose insides are indicated 
by sets of points) indicate that the dots are smaller than 
the other columns of dots (whose insides are indicated 
by hatched lines). The sixth column of dots (whose in- 
sides are blank) indicate that the dots are much smaller 
than the fourth and eighth columns of dots. 
[0166] In this case, when a dot averaging process is 



not performed, in the fourth, sixth, and eighth columns, 
small dots are consecutively formed in a direction (the 
vertical direction in Fig. 15) in which the printing paper 
is fed, so that density nonunifomnity (vertbal stripe) ap- 
5 pears. 

[0167] Accordingly, in this case, the dot averaging 
process is perfonned by using the sub operation con- 
troller. 

[0168] In the lower illustration in Fig. 1 5, from, for ex- 
ample, the nozzle 1 8 corresponding to the sixth column 
(the nozzle 1 8 positioned above the sixth column), only 
the main operation controller is used to deliver ink drop- 
lets in the sixth column, as in the upper illustration in Fig. 
15. However, in the second column, by using the sub 
operation controller, ink droplets are deflected to the 
right and are delivered to positions corresponding to the 
dot positions In the seventh column. In the third column, 
by using the sub operation controller, ink droplets are 
deflected to the left and are delivered to positions cor- 
responding to the dot positions in the fifth column. 
[0169] By using this technique, the nozzle 18 corre- 
sponding to the sixth column is controlled to deliver ink 
droplets not only in the sixth column but also in another 
column (the fifth column or the seventh column in this 
example), and is controlled so as not to deliver ink drop- 
lets in consecutive rows in one column. This also applies 
to ink droplets ejected from the nozzles 1 8 correspond- 
ing to the fourth and eighth columns. 
[0170] In the above arrangement of dots, ink droplets 
ejected from the nozzles 1 8 corresponding to the fourth, 
sixth, and eighth columns are prevented from being de- 
livered to consecutive rows in one column. This can pre- 
vent density nonuniformity from looking clearly and can 
increase picture quality. 

[0171] Fig. 16 illustrates a fifth modification in which 
this embodiment is used, and the fonnation of high res- 
olution. In Fig. 16, it is assumed that the printer-head 
chip 11 has a resolution of 600 dpi (the interval between 
the nozzles 18 is 42.3 micrometers). 
[0172] in Fig. 16, the case (1) shows that dots are 
formed by delivering ink droplets from the main opera- 
tion controller. The dot pitch obtained when using only 
the main operation controller is equal to the interval be- 
tween the nozzles 18 in the printer-head chip 11 , that is, 
42.3 micrometers. 

[0173] Unlike the case (1), the cases (2) to (4) show 
that, by using the sub operation controller to interpolate 
new dots in dots formed by the main operation controller, 
the printing resolution is increased. 
[0174] For example, in the case (2), ink droplets are 
delivered by the main operation controller similarly to the 
case (1), and by using the sub operation controller to 
form new dots In dot fomned by the main operation con- 
troller, the dot density is doubled. In this case, a method 
similarto that shown in Fig. 13 is used. The feeding pitch 
of printing paper is set to be half that in the case (1 ). 
[0175] The portion (3) shows a state in which the dot 
density is quadrupled. To quadruple the dot density, at 
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first, when the main operation controller is used to de- 
liver ink droplets, the ink droplets are controlled to be 
delivered to the feeding direction of printing paper at a 
density double that used In the case (1 ) (i.e. , the feeding 
pitch of printing paper is set to be half that used in the 5 
case (1)). In addition, by using the sub operation con- 
troller to deflect ink droplets, the Ink droplets may be 
delivered at the density double that used in the case (2). 
[0176] The portion (4) shows a state In which the dot 
density is octupled. By using the main operation control- io 
ler, the dots are formed in the feeding direction of the 
pnnting paper at a density double that used in the case 
(1 ). This point is similar to dot formation by the main op- 
eration controller In the case (1 ). 

[0177] In addition, by using the sub operation control- 15 
ler, ejected Ink droplets are deflected and delivered so 
that three new columns of dots can be positioned be- 
tween the dots formed by the main operation controller 
The three columns of dots formed by the sub operation 
controller, which are positioned between two columns 20 
of dots formed by the main operation controller, are ob- 
tained such that, from the nozzle 18 corresponding to 
the left column of dots between two columns of dots 
formed by the main operation controller, ink droplets are 
ejected and deflected in two different right directions to 25 
form two columns among the three columns, and from 
the nozzle 1 8 corresponding to the right column of dots 
between the two columns of dots formed by the main 
operation controller, ink droplets are ejected and deflect- 
ed to the left to form the other one column of dots among 50 
the three columns of dots. 

[0178] As described above, when the printer-head 
chip 11 has a physical resolution of 600 dpi, printing at 
600 dpi can be performed only by the main operation 
controller, as in the case (1). Also, the use of the sub 35 
operation controller enables printing at the double den- 
sity (1 200 dpi) as in the case (2), printing at the fourfold 
density (2400 dpi) as in the case (3), and printing at the 
eightfold density (4800 dpi) as in the case (4). 
[01 79] The above increase In resolution is particularly 40 
effective in a case in which dot diameter is small due to 
the interval between two nozzles 18. 
[0180] Fig. 1 7 illustrates a sixth modification in which 
this embodiment is used and which has a wobbled state. 
[0181] In Fig. 1 7, example (1) shows dotformation on- 45 
ly by the main operation control ler, in which four columns 
of dots are arranged in parallel with the feeding direction 
of printing paper at intervals of the nozzles 18. 
[0182] In Fig. 1 7, example (2) shows that columns of 
dots are obliquely formed by the sub operation control- so 
ler. For example, in the first row, similarly to the example 
(1 ), dots are fomned by the main operation controller. In 
the second row, by controlling the nozzles 18 to eject 
and deflect ink droplets to the right, dots are formed at 
the lower right portions to the first column of dots. In the 55 
third row, by Increasing the amount of deflection from 
the nozzles 1 8 than that used In the second row, dots 
are fonned at the lower right portions to the lower right 



portions to the second row of dots. In this manner, by 
gradually increasing the amount of deflection as the row 
number increases, oblique columns of dots can be 
formed as shown In the example (2). This dot formation 
prevents nonuniformity and stripes from looking clear 
[0183] In Fig. 17, example (3) shows that columns of 
dots are obliquely formed, similarly to the example (2). 
In the example (3), in the first row, similarly to the exam- 
ple (1), the main operation controller Is used to form 
dots. In the second to fourth rows, similarty to the exam- 
ple (2), by controlling the nozzles 1 8 to eject and deflect 
Ink droplets in the right in Fig. 1 7, dots are formed at the 
lower right portions to the upper column of dots. Next, 
in the fifth to seventh rows, by ejecting and deflecting 
ink droplets in the direction opposite to that in thesecond 
to fourth rows, that is, to the right in Fig. 17, dots are 
formed at the lower left portions to the upper column of 
dots. Dot arrangement in the eighth and subsequent col- 
umns is similar to that in the second and subsequent 
columns. As described above, by forming the columns 
of dots in a triangular form, stripes and nonuniformity 
can be prevented from looking clearly. 
[0184] Up to which column of dots should obliquely 
be formed In a single direction, and from which column 
the dots should obliquely be formed in the opposite di- 
rection are arbitrary, and may be determined in accord- 
ance with a possible maximum amount of ink-droplet de- 
flection, etc. 

[0185] Printing methods such as the examples (2) and 
(3) in Fig. 16 are realized in a serial printer by recipro- 
cally moving its head a great number of times, that is, 
overwriting. Conversely, In a line printer whose head 
does not move, it has been impossible to perform such 
wobbling, However, in the present Invention, the printing 
methods are realized by using the sub operation con- 
troller. 

[0186] One embodiment of the present Invention has 
been described. The present invention is not limited to 
the above-described embodiment, but can be variously 
modified as follows: 

(1) In the above-described embodiment, by chang- 
ing currents to bisected heating resistors 13, the 
times (bubble producing time) required for ink drop- 
lets on the heating resistors 1 3 to boil can differf rom 
each other. In addition, this can be combined with 
a technique in which the times in which currents are 
supplied to the bisected heating resistors 13 are 
controlled to differ. 

(2) In the above-described embodiment, a case in 
which two heating resistors 13 are arranged in par- 
allel In one Ink cell 1 2 has been described. The rea- 
son of bisection is that the durability of the bisected 
heating resistors 13 is sufficiently proven and the 
circuit configuration can be simplified. However, the 
arrangement of the heating resistors 13 is not limit- 
ed to the above case, but an arrangement In which 
at least three heating resistors 13 are arranged in 
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parallel in one ink cell 12 may be used. 

(3) In the above-described embodiment, the printer- 
head chip 1 1 and the line head for use in the printer 

. are exemplified. However, the present invention is 
not limited to the printer, but can be applied to a de- 
vice for ejecting a DNA-contained solution for de- 
tecting a biological sample. 

(4) In the above-described embodiment, the heat- 
ing re&istors 13 are exemplified. However, heating 
elements composed of a substance other than a re- 
sistor, or other types of energy generators and bub- 
ble producers may be used. 

(5) In the above-described embodiment, the bisect- 
ed heating resistors 13 are exemplified. However, 
these plural heating resistors 1 3 do not always need 
to be physically separated. 

In other words, even in the case of a heating 
resistor 13 composed of a single base, if it is one in 
which the distribution of energy in a bubble produc- 
ing region (surface region) can be set to have a dif- 
ference, for example, one in which the entire bubble 
producing region does not unifomnly generate heat 
and in which a portion of the region and another por- 
tion can be set to have a difference in generating 
heat, it does not always need to be separated. 

A main operation controller which ejects an ink 
droplet from the nozzle 1 8 by supplying uniform en- 
ergy to the bubble producing region, and a sub op- 
eration controller in which, by setting a difference in 
energy distribution in the bubble producing region 
when it is supplied with energy, an ink droplet hav- 
ing a flying characteristic different from that of the 
ink droplet ejected by the main operation controller 
is ejected based on the difference from the nozzle 
18, in other words, which controls the ink droplet 
ejected from the nozzle 18 to be delivered to a po- 
sition different from the position of the ink droplet 
delivered by the main operation controller may be 
provided. 

(6) For means of bubble production, the heating re- 
sistors 13 or the like are used to produce bubbles 
in the ink in the ink cells 12 by supplying thermal 
energy. The means of bubble production is not lim- 
ited to this technique. For example, the means of 
bubble production may be such an energy supply- 
ing method that the ink (liquid) in the ink cells 12 
generates heat by itself. 



Claims 

1. A liquid ejecting device comprising: 

a liquid cell for containing liquid; 
a plurality of bubble producing means for pro- 
ducing bubbles in the liquid in said liquid cell in 
response to supply of energy; and 
a nozzle for ejecting the liquid in said liquid cell 



by using the bubbles produced by the bubble 
producing means, 

wherein: 

5 

said plurality of bubble producing means are 
disposed in said liquid cell; and 
all the bubble producing means in said liquid 
cell are supplied with energy, and by setting a 

10 difference between a manner of supplying en- 

ergy to at least one of said plurality of bubble 
producing means and a manner of supplying 
energy to another one of said plurality of bubble 
producing means, a flying characteristic of the 

15 liquid ejected from said nozzle is controlled 

based on the difference. 

2. A liquid ejecting device comprising: 

20 a liquid cell for containing liquid; 

a plurality of bubble producing means for pro- 
ducing bubbles in the liquid in said liquid cell in 
response to supply of energy; and 
a nozzle for ejecting the liquid in said liquid cell 

25 by using the bubbles produced by the: bubble 

producing means, 

wherein: 

30 said plurality of bubble producing means are 

disposed in said liquid cell; and 
all the bubble producing means in said liquid 
cell are supplied with energy, and by perfomning 
energy supply so that a difference is set be- 

35 tween the time requiredforgenerating a bubble 

in the liquid by at least one of said plurality of 
bubble producing means, and the time required 
for generating a bubble in the liquid by another 
one of said plurality of bubble producing 

40 means, a flying characteristic of the liquid eject- 

ed from said nozzle is controlled based on the 
difference. 

3. A liquid ejecting device comprising: 

45 

a liquid cell for containing liquid; 
a bubble producing region for producing a bub- 
ble in the liquid in said liquid cell in response to 
supply of energy, said bubble producing region 
50 forming at least part of one internal wall of said 

liquid cell; and 

a nozzle for ejecting the liquid in said liquid cell 
by the bubble produced by said bubble produc- 
ing region, 

55 

wherein an energy distribution in said bubble 
producing region which is obtained when the ener- 
gy is supplied to said bubble producing region has 
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a difference, and based on the difference, a flying 
characteristic of the liquid ejected from said nozzle 
is controlled. 

. A liquid ejecting device comprising: s 

a liquid cell for containing liquid; 
a plurality of bubble producing means for pro- 
ducing bubbles in the liquid in said liquid cell in 
response to supply of energy; and io 
a nozzle for ejecting the liquid in said liquid cell 
by using the bubbles produced by the bubble 
producing means, 

wherein: is 

said plurality of bubble producing means are 
disposed in said liquid cell; and 
said plurality of bubble producing means com- 
prise: 20 

main operation-control means for ejecting 
liquid from said nozzle by supplying the en- 
ergy to all the bubble producing means; 
and 25 
sub operation-control means which sup- 
plies the energy to all the bubble producing 
means and which, by setting a difference 
between a manner of supplying energy to 
at least one of said plurality of bubble pro- 30 
ducing means and a manner of supplying 
energy to another one of said plurality of 
bubble producing means, uses said nozzle 
to perfonn ejection based on the difference 
of liquid having a flying characteristic dif- 35 
ferent from that of the liquid ejected by said 
main operation-control means. 

A liquid ejecting device according to claim 4. where- 
in, when a flying direction in which the liquid ejected 40 
by the main operation-control means flies is off a 
target direction, said sub operation-control means 
controls the flying characteristic of the liquid so that 
the flying direction approaches the target direction. 

45 

A liquid ejecting device according to claim 4, where- 
in, when a delivery position to which the liquid eject- 
ed by the main operation-control means is delivered 
is off a target position, said sub operation -control 
means controls the flying characteristic of the liquid so 
so that the delivery position approaches the target 
position. 

A liquid ejecting device according to claim 4, where- 
in said sub operation-control means controls the fly- 55 
ing characteristic of the liquid so that the liquid is 
delivered to at least one position which is different 
from a position to which the liquid ejected by the 



main operation -control means is delivered. 

8. A liquid ejecting device according to claim 4. where- 
in, by controlling the flying characteristic of the liquid 
so that the liquid is delivered to at least one position 
which is different from a delivery position to which 
the liquid ejected by the main operation-control 
means is delivered, said sub operation-control 
means controls the number of pixels formed on a 
recording medium by the delivery of the liquid to In- 
crease than the number of pixels formed only by 
said main operation -control means. 

9. A liquid ejecting device comprising: 

a liquid cell for containing liquid; 
a plurality of bubble producing means for pro- 
ducing bubbles in the liquid in said liquid cell in 
response to supply of energy; and 
a nozzle for ejecting the liquid in said liquid cell 
by using the bubbles produced by the bubble 
producing means, 

wherein: 

said plurality of bubble producing means are 
disposed in said liquid cell; and 
said plurality of bubble producing means com- 
prise: 

main operation-control means for ejecting 
liquid from said nozzle by supplying the en- 
ergy to all the bubble producing means; 
and 

sub operation-control means which sup- 
plies the energy to all the bubble producing 
means and which, by setting a difference 
between a manner of supplying energy to 
at least one of said plurality of bubble pro- 
ducing means and a manner of supplying 
energy by said main operation-control 
means, uses said nozzle to perform ejec- 
tion based on the difference of liquirfhaving 
a flying characteristic different from that of 
the liquid ejected by said main operation- 
control means. 

10. A liquid ejecting device comprising: 

a liquid cell for containing liquid; 
a bubble producing region for producing a bub- 
ble in the liquid in said liquid cell in response to 
supply of energy, said bubble producing region 
forming at least part of one internal wall of said 
liquid cell; 

a nozzle for ejecting the liquid in said liquid cell 
by the bubble produced by said bubble produc- 
ing region; 
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main operation-control means which ejects liq- 
uid from said nozzle by supplying energy to said 
bubble producing region; and 
sub operation-control means which, by setting 
a difference in an energy distribution in said s 
bubble producing region which is obtained 
when the energy is supplied to said bubble pro- 
ducing region, uses said nozzle to perfomn 
ejection based on the difference of liquid having 
a flying characteristic different from that of the io 
liquid ejected by said main operation-control 
means. 

11. A liquid ejecting method which, by using a plurality 
of bubble producing means in a liquid cell to pro- 
duce bubbles in liquid contained in the liquid cell by 
supplying energy to said plurality of bubble produc- 
ing means, ejects the liquid from a nozzle by using 
the produced bubbles, 

wherein the liquid ejected from said nozzle is 20 
controlled to have at least two different characteris- 
tics by using: 

a main operation-control step in which the liquid 
is ejected from said nozzle by supplying uni- 25 
form energy to all the bubble producing means 
in said liquid celt; and 

a sub operation-control step in which energy is 
supplied to all the bubble producing means in 
said liquid cell and in which, by setting a differ- 30 
ence between a manner of supplying energy to 
at least one of said plurality of bubble producing 
means and a manner of supplying energy to an- 
other one of said plurality of bubble producing 
means, the liquid ejected from said nozzle is 55 
controlled based on the difference to have a fly- 
ing characteristic different from that of the liquid 
ejected in said main operation-control step. 

12. A liquid ejecting method which, by using a plurality 40 
of bubble producing means in a liquid cell to pro- 
duce bubbles in liquid contained in the liquid cell by 
supplying energy to said plurality of bubble produc- 
ing means, ejects the liquid from a nozzle by using 

the produced bubbles, 

wherein the liquid ejected from said nozzle is 
controlled to have at least two different characteris- 
tics by using: 

a main operation-control step which ejects the 50 
liquid from said nozzle by supplying energy to 
all the bubble producing means in said liquid 
cell; and 

a sub operation -control step which supplies the 
energy to all the bubble producing means and 55 
which, by setting a difference between a man- 
ner of supplying energy to at least one of said 
plurality of bubble producing means and a man- 



ner of supplying energy in said main operation- 
control step, uses said nozzle to perform ejec- 
tion based on the difference of liquid having a 
flying characteristic different from that of the liq- 
uid ejected in said main operation -control step. 

13. A liquid ejecting method which, by using a bubble 
producing region forming at least part of one inter- 
nal wall of a liquid cell to produce a bubble in liquid 
contained in said liquid cell, ejects the liquid from a 
nozzle by using the produced bubble, 

wherein the liquid ejected from said nozzle is 
controlled to have at least two flying characteristics 
by using: 

a main operation-control step In which, by sup- 
plying energy so that an energy distribution in 
said bubble producing region is uniform, liquid 
is ejected from said nozzle; and 
a sub operation-control step in which, by setting 
a difference in the energy distribution in said 
bubble producing region when energy is sup- 
plied to said bubble producing region, a flying 
characteristic of the liquid ejected from said 
nozzle is controlled based on the difference to 
differ from that of the liquid ejected in said main 
operation-control step. 

14. A liquid ejecting device comprising: 

a liquid cell for containing liquid; 
a plurality of bubble producing means for pro- 
ducing bubbles in the liquid in said liquid cell in 
response to supply of energy; and 
a nozzle for ejecting the liquid in said liquid cell 
by using the bubbles produced by the bubble 
producing means, 

wherein: 

said plurality of bubble producing means are 
disposed in said liquid cell; and 
all the bubble producing means in said liquid 
cell are supplied with energy, and by setting a 
difference between a manner of supplying en- 
ergy to at least one of said plurality of bubble 
producing means and a manner of supplying 
energy to another one of said plurality of bubble 
producing means, the liquid ejected from said 
nozzle is controlled based on the difference to 
be delivered to at least two different positions. 

15. A liquid ejecting device comprising: 

a liquid cell for containing liquid; 
a plurality of bubble producing means for pro- 
ducing bubbles in the liquid in said liquid cell in 
response to supply of energy; and 
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a nozzle for ejecting the liquid in said liquid cell 
by using the bubbles produced by the bubble 
producing means, 

wherein: 

said plurality of bubble producing means are 
disposed in said liquid cell; and 
all the bubble producing nneans in said liquid 
cell are supplied with energy, and by performing 
energy supply so that a difference is set be- 
tween the time required for generating a bubble 
in the liquid by at least one of said plurality of 
bubble producing means, and the time required 
for generating a bubble in the liquid by another 
one of said plurality of bubble producing 
means, the liquid ejected from said nozzle is 
controlled based on the difference to be deliv- 
ered to at least two different positions. 



16. A liquid ejecting device compnsing; 

a liquid cell for containing liquid; 
a bubble producing region for producing a bub- 
ble in the liquid in said liquid cell in response to 
supply of energy, said bubble producing region 
forming at least part of one internal wall of said 
liquid cell; and 

a nozzle for ejecting the liquid in said liquid cell 
by using the bubble produced by said bubble 
producing region, 

wherein an energy distribution in said bubble 
producing region which is obtained when the ener- 
gy is supplied to said bubble producing region has 
a difference, and based on the difference, the liquid 
ejected from said nozzle is controlled to be deliv- 
ered to at least two different positions. 

17. A liquid ejecting device comprising: 

a liquid cell for containing liquid; 
a plurality of bubble producing means for pro- 
ducing bubbles in the liquid in said liquid cell in 
response to supply of energy; and 
a nozzle for ejecting the liquid in said liquid cell 
by using the bubbles produced by the bubble 
producing means, 

wherein: 



10 



to all the bubble producing means; and 
sub operation-control means which sup- 
plies the energy to all the bubble producing 
means and which, by setting a difference 
between a manner of supplying energy to 
at least one of said plurality of bubble pro- 
ducing means and a manner of supplying 
energy to another one of said plurality of 
bubble producing means, performs control 
based on the difference of the liquid eject- 
ed from said nozzle to be delivered to a po- 
sition different from a position to which the 
liquid ejected by said main operation-con- 
trol means is delivered. 



18. A liquid ejecting device according to claim 17, 
wherein, when a delivery position to which the liquid 
ejected by the main operation-control means is de- 
livered is off a target position, said sub operation- 

2o control means controls the delivery position to ap- 
proach said target position. 

19. A liquid ejecting device according to claim 17, 
wherein, when a delivery position on a recording 

25 medium in which the liquid ejected by the main op- 

eration-control means is delivered is off a target po- 
sition, said sub operation-control means controls 
the delivery position to approach said target posi- 
tion. 

30 

20. A liquid ejecting device according to claim 17, 
wherein said sub operation-control means controls 
a position of liquid delivered thereby so that the liq- 
uid Is delivered to at least one position which is dif- 

35 ferent from the position to which the liquid ejected 
by the main operation -control means is delivered. 

21. A liquid ejecting device according to claim 17, 
wherein, by controlling a position of delivered liquid 

40 by said main operation-control means so that the 
liquid is delivered to at least one position which is 
different from the position on a recording medium 
to which the liquid ejected by the main operation- 
control means is delivered, said sub operation-con- 

45 trol means controls the number of pixels formed on 
said recording medium by the delivery of the liquid 
to increase than the number of pixels formed only 
by said main operation-control means. 



so 



said plurality of bubble producing means are 
disposed in said liquid cell; and 
said plurality of bubble producing means com- 
prise: 55 

main operation-control means for ejecting 
liquid from said nozzle by supplying energy 



22. A liquid ejecting device comprising: 

a liquid cell for containing liquid; 
a plurality of bubble producing means for pro- 
ducing bubbles in the liquid in said liquid cell in 
response to supply of energy; and 
a nozzle for ejecting the liquid in said liquid cell 
by using the bubbles produced by the bubble 
producing means, 
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wherein: 

said plurality of bubble producing means are 
disposed in said liquid cell; and 
said plurality of bubble producing means com- 
prise: 

main operation -control means for ejecting 
liquid from ,'3aid nozzle by supplying the en- 
ergy to all the bubble producing means; 
and 

sub operation-control means which sup- 
plies energy to all the bubble producing 
means and which, by setting a difference 
between a manner of supplying energy to 
at least one of said plurality of bubble pro- 
ducing means and a manner of supplying 
energy by said main operation-control 
means, controls the liquid ejected from 
said nozzle to be delivered to a position dif- 
ferent from a position to which liquid eject- 
ed by said main operation-control means 
is delivered. 

23. A liquid ejecting device comprising: 

a liquid cell for containing liquid; 
a bubble producing region for producing a bub- 
ble in the liquid in said liquid cell in response to 
supply of energy, said bubble producing region 
fonning at least part of one internal wall of said 
liquid cell; 

a nozzle for ejecting the liquid in said liquid ceil 
by using the bubble produced by said bubble 
producing region; 

main operation-control means which ejects liq- 
uid from said nozzle by supplying energy to said 
bubble producing region; and 
sub operation-control means which, by setting 
a difference in an energy distribution in said 
bubble producing region which is obtained 
when the energy Is supplied to said bubble pro- 
ducing region, controls the liquid ejected from 
said nozzle to be delivered to a position differ- 
ent from a position to which the liquid ejected 
by said main operation-control means is deliv- 
ered. 

24. A liquid ejecting device according to one of claims 
14 to 17, and claims 22 and 23, wherein an almost 
constant distance is maintained between the tip of 
said nozzle and a surface onto which the liquid is 
delivered. 

25. A liquid ejecting device according to one of claims 
14 to 17, and claims 22 and 23, wherein the dis- 
tance between the tip of said nozzle and a surface 
onto which the liquid is delivered is maintained at 



an almost constant value between 0.5 millimeters 
and 5 millimeters. 

26. A liquid ejecting method which, by using a plurality 
5 of bubble producing means in a liquid cell to pro- 
duce bubbles in liquid contained in said liquid cell 
by supplying energy to said plurality of bubble pro- 
ducing means, ejects the liquid from a nozzle by us- 
ing the produced bubbles, 

10 wherein the liquid ejected from said nozzle Is 

controlled to be delivered to at least two different 
positions by using: 

a main operation-control step in which the liquid 
15 is ejected from said nozzle by supplying uni- 

form energy to all the bubble producing means 
in said liquid cell; and 

a sub operation-control step in which all the 
bubble producing means in said liquid cell are 

20 supplied with energy and in which, by setting a 

difference between a manner of supplying en- 
ergy to at least one of said plurality of bubble 
producing means and a manner of supplying 
energy to another one of said plurality of bubble 

25 producing means, the liquid ejected from said 

nozzle Is controlled based on the difference to 
be delivered to a position different from a posi- 
tion to which the liquid ejected by said main op- 
eration-control step is delivered. 

30 

27. A liquid ejecting method which, by using a plurality 
of bubble producing means in a liquid cell to pro- 
duce bubbles in liquid contained in said liquid cell 
by supplying energy to said plurality of bubble pro- 

55 ducing means, ejects the liquid from a nozzle by us- 
ing the produced bubbles, 

wherein the liquid ejected from said nozzle is 
controlled to be delivered to at least two different 
positions by using: 

40 

a main operation -control step in which the liquid 
Is ejected from said nozzle by supplying uni- 
form energy to all the bubble producing means 
in said liquid cell; and 

45 a sub operation-control step in which all the 

bubble producing means in said tlquid cell are 
supplied with energy and in which, by setting a 
difference between a manner of supplying en- 
ergy to at least one of said plurality of bubble 

50 producing means and a manner of supplying 

the energy in said main op oration -control step, 
the liquid ejected from said nozzle is controlled 
based on the difference to be delivered to a po- 
sition different from a position to which the liquid 

55 ejected In said main operation-control step is 

delivered. 

28. A liquid ejecting method for ejecting liquid in a liquid 
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cell from a nozzle by using a bubble produced in the 
liquid by supplying energy to a bubble producing re- 
gion in said liquid cell, said bubble producing region 
forming at least part of one internal wall of said liquid 
cell, 5 

wherein the liquid ejected from said nozzle is 
controlled to be delivered to at least two different 
positions by using: 

a main operation-control step in which, by sup- io 
plying the energy to said bubble producing re- 
gion so that energy distribution in said bubble 
producing region is uniform, the liquid is ejected 
from said nozzle; and 

a sub operation-control step in which, by setting 15 
an energy distribution in said bubble producing 
which is obtained when the energy is supplied 
to said bubble producing region to have a dif- 
ference, the liquid ejected from said nozzle Is 
controlled to be delivered to a position different 20 
from a position to which the liquid ejected in 
said main operation-control step Is delivered. 

29. A liquid ejecting method according to one of claims 

26 to 28, wherein an almost constant distance is 25 
maintained between the tip of said nozzle and a sur- 
face onto which the liquid is delivered. 

30. A liquid ejecting method according to one of claims 

26 to 28, wherein the distance between the tip of 30 
said nozzle and a surface onto which the liquid is 
delivered Is maintained at an almost constant value 
between 0.5 millimeters and 5 millimeters. 

31. A liquid ejecting device having heads each includ- 35 
ing a plurality of liquid ejecting portions arranged in 
parallel in a predetemnined direction, the liquid 
ejecting portions each comprising: 

a liquid cell for containing liquid; 40 
a plurality of heating elements for producing 
bubbles in response to the supply of energy; 
and 

a nozzle for ejecting the liquid in said liquid cell 

by using the bubbles produced by the heating 45 

elements, 

wherein; 

said plurality of heating elements are arranged so 
in said predetennined direction in said liquid 
cell; and 

all the heating elements in said liquid cell are 
supplied with energy and by setting a difference 
between a manner of supplying energy to at 55 
least one of the heating elements and a manner 
of supplying energy to another one of the heat- 
ing elements, a direction in which the liquid is 



ejected from said nozzle is controlled based on 
the difference. 

32. A liquid ejecting device having heads each includ- 
ing a plurality of liquid ejecting portions arranged in 
parallel in a predetermined direction, the liquid 
ejecting portions each comprising: 

a liquid cell for containing liquid; 

a plurality of heating elements for producing 

bubbles in response to the supply of energy; 

and 

a nozzle for ejecting the liquid In said liquid cell 
by using the bubbles produced by the heating 
elements, 

wherein: 

said plurality of heating elements are arranged 
in said predetermined direction in said liquid 
cell; and 

all the heating elements in said liquid cell are 
supplied with energy, and by performing energy 
supply so that a difference is set between the 
time required for generating a bubble in part of 
the liquid by at least one of the heating ele- 
ments, and the time required for generating a 
bubble in another part of the liquid by another 
one of the heating elements, a direction in 
which the liquid is ejected from said nozzle is 
controlled based on the difference. 

33. A liquid ejecting device according to one of claims 
31 and 32, wherein, among the heating elements In 
said liquid cell, at least one heating element and at 
least one other heating element are simultaneously 
supplied with different amounts of energy. 

34. A liquid ejecting device according to one of claims 
31 and 32, 

wherein: 

the heating elements in said liquid cell are two 
heating resistors connected in series to each 
other which have equal resistances; and 
control means for controlling the heat values of 
said two heating resistors is connected to a 
path for connecting said two heating resistors, 
and by setting a current flowing in one heating 
element and a current flowing in the other heat- 
ing element to differ, said control means con- 
trols said one heating element and the other 
heating element to have a difference in heat 
value. 

35. A liquid ejecting device according to one of claims 
31 and 32, 

wherein: 
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the heating elements in said liquid cell are two 
heating resistors connected in series to each 
other which have equal resistances; and 
control means including a switching elementfor 
controlling the heat values of said two heating 
resistors is connected to a path for connecting 
said two heating resistors, and by setting a cur- 
rent flowing in one heating element and a cur- 
rent flowing in the other heating element to be 



a manner of supplying energy to at least one 
heating element and at least one other heating 
element among the heating elements in said 
liquid cell is set to have a plurality of differenc- 
es; and 

for correcting a position of delivered liquid 
which is unique to each of the heads when liq- 



uid is ejected onto a liquid-ejected surface, by 
storing data on the differences for the heads, 
the supply of the energy to the heating ele- 
ments is controlled based on the stored data. 

40. A liquid ejecting device according to claim 31 , 
wherein: 

a manner of supplying energy to at least one 
heating element and at least one other heating 
element among the heating elements in said 
liquid cell is set to have a plurality of differenc- 
es; and 

a correction value for correcting a position of 
liquid delivered by each of the liquid ejecting 
portions when the liquid is ejected onto a target 
is determined for each of lines for liquid ejec- 
tion, and the energy to the heating elements is 
controlled to correspond to the determined cor- 
rection value. 

41 . A liquid ejecting device according to claim 31 , 
wherein: 

a manner of supplying energy to at least one 
heating element and at least one other heating 
element among the heating elements in said 
liquid cell is set to have a plurality of differenc- 
es; and 

a correction value for correcting a position of 
liquid delivered by each of the liquid ejecting 
portions when the liquid is ejected onto a target 
Is randomly determined, and the energy to the 
heating elements is controlled to correspond to 
the detennined correction value. 

42. A liquid ejecting device according to claim 32, 
wherein: 

the time required for generating a bubble in part 
of the liquid by at least one of the heating ele- 
ments, and the time required for generating a 
bubble in another part of the liquid by another 
one of the heating elements have a plurality of 
differences; and 

for correcting positional shifting of delivered liq- 
uid by the liquid ejecting portions when the liq- 
uid is ejected onto a target, by storing data on 
the differences for the liquid ejecting portions, 
the energy to the heating elements is controlled 
based on the stored data. 

43. A liquid ejecting device according to claim 32, 
wherein: 

55 

the time required for generating a bubble in part ' 
of the liquid by at least one of the heating ele- 
ments, and the time required for generating a 



equal or different, the operation of said switch- io 
ing element controls the heat values of one 
heating resistor and the other heating resistor 

36. A liquid ejecting device according to one of claims 
31 and 32, wherein equal or almost equal amounts '5 
of energy are supplied to at least one heating ele- 
ment and at least one other heating element among 
the heating elements in said liquid cell, with a dif- 
ference set in supplying the energy. 

20 

37. A liquid ejecting device according to claim 31 , 

wherein: 

a manner of supplying energy to at least one 
heating element and at least one other heating 25 
element among the heating elements In said 
liquid cell have a plurality of differences; and 
by storing data on the differences for the liquid 
ejecting portions, the supply of the energy to 
the heating elements Is controlled based on the 30 
stored data. 

38. A liquid ejecting device according to claim 31 , 

wherein: 

35 

a manner of supplying energy to at least one 
heating element and at least one other heating 
element among the heating elements in said 
liquid cell is set to have a plurality of differenc- 
es; and 40 
for correcting positional shifting of liquid deliv- 
ered by the liquid ejecting portions when the liq- 
uid is ejected onto a liquid-ejected surface, by 
storing data on the differences for the liquid 
ejecting portions, the supply of the energy to 45 
the heating elements Is controlled based on the 
stored data. 

39. A liquid ejecting device according to claim 31 , 

wherein: so 
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bubble in another part of the liquid by another 
one of the heating elements have a plurality of 
differences; and 

for correcting a position of delivered liquid 
which Is unique to each of the heads when liq- 5 
uid is ejected onto a target, by storing data on 
the differences for the heads, the energy to the 
heating elements is controlled based on the 
stored data. 

10 

44. A liquid ejecting device according to claim 32, 
wherein: 



the time required for generating a bubble in part 

of the liquid by at least one of the heating ele- 
ments, and the time required for generating a 
bubble in another part of the liquid by another 
one of the heating elements have a plurality of 
differences; and 

a correction value for correcting a position of 
liquid delivered by each of the liquid ejecting 
portions when the liquid is ejected onto a target 
is determined for each of lines for liquid ejec- 
tion, and the energy to the heating elements is 
controlled to correspond to the detemnined cor- 
rection value. 

45. A liquid ejecting device according to claim 32, 

wherein: 

the time required for generating a bubble in part 
of the liquid by at least one of the heating ele- 
ments, and the time required for generating a 
bubble in another part of the liquid by another 
one of the heating elements have a plurality of 
differences; and 

a correction value for correcting a position of 
liquid delivered by each of the liquid ejecting 
portions when the liquid is ejected onto a target 
is randomly determined, and the energy to the 
heating elements is controlled to correspond to 
the determined correction value. 

46. A liquid ejecting device having heads each includ- 
ing a plurality of liquid ejecting portions arranged in 
parallel in a predetennined direction, the liquid 
ejecting portions each comprising: 



said plurality of heating elements are arranged 
in said predetermined direction in said liquid 
cell; and 

for each of the heads, energy is supplied to all 
the heating elements in said liquid cell, and by 
setting a difference between a manner of sup- 
plying energy to at least one of the heating el- 
ements and a manner of supplying energy to 
anotherone of the heating elements, a direction 
in which the liquid is ejected from said nozzle 
is controlled based on the difference. 

47. A liquid ejecting device having heads each includ- 
ing a plurality of liquid ejecting portions arranged in 
parallel in a predetermined direction, the liquid 
ejecting portions each comprising: 

a liquid cell for containing liquid; 

a plurality of heating elements for producing 

bubbles in response to the supply of energy; 

and 

a nozzle for ejecting the liquid in said liquid cell 
by using the bubbles produced by the heating 
elements, 

wherein: 

said plurality of heating elements are arranged 
in said predetermined direction in said liquid 
cell; and 

for each of the heads, energy is supplied to all 
the heating elements in said liquid cell, and by 
performing energy supply so that a difference 
is set between the time required for generating 
a bubble in part of the liquid by at least one of 
the heating elements, and the time required for 
generating a bubble in another part of the liquid 
by another one of the heating elements, a di- 
rection in which the liquid is ejected from said 
nozzle is controlled based on the difference. 

48. A liquid ejecting device according to one of claims 
46 and 47, wherein, for each of the heads, at least 
one of the heating elements in said liquid cell and 
at least one other heating element are simultane- 
ously supplied with different amounts of energy. 

49. A liquid ejecting device according to one of claims 
46 and 47, 

wherein: 

the heating elements in said liquid cell are two 
heating resistors connected in series to each 
other which have equal resistances; and 
control means for controlling the heat values of 
said two heating resistors is connected to a 
path for connecting said two heating resistors, 
and by setting a current flowing in one heating 



a liquid cell for containing liquid; 

a plurality of heating elements for producing so 

bubbles in response to the supply of energy; 

and 

a nozzle for ejecting the liquid in said liquid cell 
by using the bubbles produced by the heating 
elements, 55 

wherein: 
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element and a current flowing in the other heat- 
ing element to differ, said control means con- 
trols, for each of the heads, said one heating 
element and the other heating element to have 
a difference in heat value. 

50. A liquid ejecting device according to one of claims 
46 and 47, 

wherein: 

the heating elements in said liquid cell are two 
heating resistors connected in series to each 
other which have equal resistances; and 
control means including a switching element for 
controlling the heat values of said two heating 
resistors is connected to a path for connecting 
said two heating resistors, and by setting a cur- 
rent flowing in one heating element and a cur- 
rent flowing in the other heating element to be 
equal or different, the operation of the switching 
element controls, for each of the heads, the 
heat values of said one heating resistor and the 
other heating resistor. 

51. A liquid ejecting device according to one of claims 
46 and 47, wherein, for each of the heads, equal or 
almost equal amounts of energy are supplied to at 
least one heating element and at least one other 
heating element among the heating elements in 
said liquid cell, with a difference set in supplying the 
energy. 



ments Is controlled based on the stored data. 

54. A liquid ejecting device according to claim 47, 

wherein: 

5 

the time required for generating a bubble in part 
of the liquid by at least one of the heating ele- 
ments, and the time required for generating a 
bubble in another part of the liquid by another 

10 one of the heating elements have a plurality of 

differences for each of the heads; and 
for correcting positional shifting of delivered liq- 
uid by one liquid ejecting portion between two 
heads when the liquid is ejected onto a target, 

15 by storing data on the differences forthe heads, 

the energy to the heating elements is controlled 
based on the stored data. 

55. A liquid ejecting method using heads each including 
20 a plurality of liquid ejecting portions arranged in par- 
allel in a predetermined direction, the liquid ejecting 
portions each including: 

a liquid cell for containing liquid; 
25 a plurality of heating elements for producing 

bubbles in response to the supply of energy, the 
heating elements being arranged in said prede- 
termined direction in said liquid cell; and 
a nozzle for ejecting the liquid in said liquid cell 
30 by using the bubbles produced by the heating 

elements, 



25 



30 



52. A liquid ejecting device according to claim 46, 

wherein: 

for each of the heads, a manner of supplying 
energy to at least one heating element and at 
least one other heating element among the 
heating elements in said liquid cell have a plu- 
rality of differences; and 
by storing data on the differences for the liquid 
ejecting portions, the supply of the energy to 
the heating elements is controlled based on the 
stored data. 

53. A liquid ejecting device according to claim 46, 

wherein: 

for each of the heads, a manner of supplying 
energy to at least one heating element and at 
least one other heating element among the 
heating elements in said liquid cell is set to have 
a plurality of differences; and 
for correcting positional shifting of liquid deliv- 
ered by one liquid ejecting portion between two 
heads when the liquid is ejected onto a target, 
by storing data on the differences forthe heads, 
the supply of the energy to the heating ale- 



wherein all the heating elements in said liquid 
cell are supplied with energy, and by setting a dif- 

35 ference between a manner of supplying energy to 
at least one of the heating elements and a manner 
of supplying energy to another one of the heating 
elements, a direction in which the liquid is ejected 
from said nozzle Is controlled based on the differ- 

40 ence. 

56. A liquid ejecting method using heads each including 
a plurality of liquid ejecting portions arranged in par- 
allel in a predetermined direction, the liquid ejecting 
45 portions each including: 

a liquid cell for containing liquid; 
a plurality of heating elements for producing 
bubbles in response to the supply of energy, the 
50 heating elements being arranged in said prede- 

termined direction in said liquid cell; and 
a nozzle for ejecting the liquid in said liquid cell 
by using the bubbles produced by the heating 
elements, 

55 

wherein all the heating elements in said liquid 
cell are supplied with energy, and by performing en- 
ergy supply so that a difference is set between the 
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time required for generating a bubble in part of the 
liquid by at least one of the heating elements, and 
the time required for generating a bubble in another 
part of the liquid by another one of the heating ele- 
ments, a direction in which the liquid is ejected from 
said nozzle is controlled based on the difference. 

A liquid ejecting method according to one of claims 
55 and 56, wherein, among the heating elements In 
said liquid cell, at least one heating element and at 
least one other heating element are simultaneously 
supplied with different amounts of energy. 



58. A liquid ejecting method according to one of claims 
55 and 56, 

wherein: 

the heating elements in said liquid cell are two 
healing resistors connected in series to each 
other which have equal resistances; and 
control means for controlling the heat values of 
said two heating resistors is connected to a 
path for connecting said two heating resistors, 
and by setting a current flowing in one heating 
element and a current flowing in the other heat- 
ing element to differ, said control means con- 
trols said one heating element and the other 
heating element have a difference in heat val- 
ue. 

59. A liquid ejecting method according to one of claims 
55 and 56, 

wherein: 

the heating elements in said liquid cell are two 
heating resistors connected in series to each 
other which have equal resistances; and 
control means including a switching elementfor 
controlling the heat values of said two heating 
resistors is connected to a path for connecting 
said two heating resistors, and by setting a cur- 
rent flowing in one heating element and a cur- 
rent flowing in the other heating element to be 
equal or different, the operation of the switching 
element controls th.e heat values of said one 
heating resistor and the other heating resistor 

60. A liquid ejecting method according to one of claims 
55 and 56, wherein equal or almost equal amounts 
of energy are supplied to at least one heating ele- 
ment and at least one other heating element among 
the heating elements in said liquid cell, with a dif- 
ference set in supplying the energy. 
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61. A liquid ejecting method according to claim 55, 
wherein: 

a plurality of differences are set in a manner of 



55 



supplying energy to at least one heating ele- 
ment and at least one other heating element 
among the heating elements in said liquid cell; 
and 

by storing data on the differences for the liquid 
ejecting portions, the supply of the energy to 
the heating elements is controlled based on the 
stored data. 

62. A liquid ejecting method according to claim 55, 

wherein: 

a plurality of differences are set in a manner of 
supplying energy to at least one heating ele- 
ment and at least one other heating element 
among the heating elements in said liquid cell; 
and 

for correcting positional shifting of liquid deliv- 
ered by each of the liquid ejecting portions 
when the liquid is ejected onto a target, by stor- 
ing data on the differences for the liquid ejecting 
portions, the supply of the energy to the heating 
elements Is controlled based on the stored da- 
ta. 

63. A liquid ejecting method according to claim 55, 

wherein: 

a plurality of differences are set in a manner of 
supplying energy to at least one heating ele- 
ment and at least one other heating element 
among the heating elements in said liquid cell; 
and 

for correcting a position of delivered liquid 
which is unique to each of the heads when liq- 
uid is ejected onto a target, by storing data on 
the differences for the heads, the supply of the 
energy to the heating elements is controlled 
based on the stored data. 

64. A liquid ejecting method according to claim 55, 

wherein: 

a plurality of differences are set in a manner of 
supplying energy to at least one heating ele- 
ment and at least one other heating element 
among the heating elements in said liquid cell; 
and 

a correction value for correcting a position of 
liquid delivered by each of the liquid ejecting 
portions when the liquid is ejected onto a target 
is determined for each of lines for liquid ejec- 
tion, and the energy to the heating elements is 
controlled to correspond to the determined cor- 
rection value. 

65. A liquid ejecting method according to claim 55, 

wherein: 



26 

BNSDOCID: <EP 1354704A1_L> 



51 



EP 1 354 704 A1 



52 



a plurality of differences are set in a nnanner of 
supplying energy to at least one heating ele- 
ment and at least one other heating element 
among the heating elements in said liquid cell; 
and 

a correction value for correcting a position of 
liquid delivered by each of the liquid ejecting 
portions when the liquid is ejected onto a target 
is randomly determined, and the -nmergy to the 
heating elements is controlled to correspond to 
the determined correction value. 

66. A liquid ejecting method according to claim 56, 
wherein: 

a plurality of differences are set between the 
time required for generating a bubble in part of 
the liquid by at least one of the heating ele- 
ments, and the time required for generating a 
bubble in another part of the liquid by another 
one of the heating elements; and 
forcorrecting positional shifting of delivered liq- 
uid by the liquid ejecting portions when the liq- 
uid is ejected onto a target, by storing data on 
the differences for the liquid ejecting portions, 
the energy to the heating elements is controlled 
based on the stored data. 
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controlled to corFespond to the determined cor- 
rection value. 

69. A liquid ejecting method according to claim 56, 
wherein: 

a plurality of differences are set between the 
time required for generating a bubble in part of 
the liquid by at least one of the heating ele- 
ments, and the time required for generating a 
bubble in another part of the liquid by another 
one of the heating elements; and 
a correction value for correcting a position of 
liquid delivered by each of the liquid ejecting 
portions when the liquid is ejected onto a target 
is randomly detennined, and the energy to the 
heating elements is controlled to correspond to 
the detennined correction value. 



67. A liquid ejecting method according to claim 56, 
wherein: 



30 



a plurality of differences are set between the 
time required for generating a bubble in part of 
the liquid by at least one of the heating ele- 
ments, and the time required for generating a 
bubble in another part of the liquid by another 
one of the heating elements; and 
for correcting a position of delivered liquid 
which is unique to each of the heads when liq- 
uid is ejected onto a target, by storing data on 
the differences for the heads, the energy to the 
heating elements is controlled based on the 
stored data. 
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68. A liquid ejecting method according to claim 56, 
wherein: 



45 



a plurality of differences are set between the 
time required for generating a bubble in part of 
the liquid by at least one of the heating ele- so 
ments, and the time required for generating a 
bubble in another part of the liquid by another 
one of the heating elements; and 
a correction value for correcting a position of 
liquid delivered by each of the liquid ejecting 55 
portions when the liquid is ejected onto a target 
is determined for each of lines for liquid ejec- 
tion, and the energy to the heating elements is 
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FIG. 2A 




13 



BNSDOCID: <EP 13547(>4A1_I_> 



EP 1 354 704 A1 



CQ 




o 



o 



CM 

o 

O 
O 

s 

o 

CO 

o 
o 

^ 

o 
o 

CM 

o 
o 

s 



CO 



[J NOIi33r3 JO 319NV 



CQ en 

=5' — 
CD ijj 



UJ 



LUQ 
QQ. 




IJ NOiioara jo aiowv 



30 

BNSDOCID: <EP 1354704A1_I_> 



EP 1 354 704 A1 



FIG. 4 
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